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SUMMARY 


 Fiberglase«reitnforced plastic was firet used as a laminated 
wood reinforcement for a primary structural rotor blade applie 
cation if &@ helleoptor development program tn ibd, inee 
that time, the ume of flberglasse cloth and oriented lass 
fibers for primary atructures has inereased at @ rapid rate 
And hae culminated in the development of an ablleflibery lass 
rotor blade of superior performance, 


This report te @ compilation and analysian of significant teat 
data obtained in the evaluation of the alle lass roter blade, 
Included are the Assoctated areas of the development of glass 
fiber control tubing, the use of plaee retntorcement for the 
“hotoeprop” Crotorepropeller) on a VS TOL aireratt, the 
elastic hie study sugwesting & malntenanceefree tall rotor, 
and the effects of weathering upen glass blade propertion and 
mtructure, 


CONCLUS LONS 


Hesulte of the developments ond testa reported herein offer 

conclusive evidence as to the auperior structural integrity 

and fatigue resistance of a properly designed and fabricated 
AHlleglawe fiber helicopter main rotor blade, 


Limited investigations indicate: 


1, achievement of Alleweather, alleclimate capability 
and the complete elimination of serious moth ture 
effects such 4&8 corrosion, 

» Sienifieantly greater number of Flight hours between 
overhaul periods because of improved Ulade life, 

u. Outstanding atructural integrity after damage from 

emallearme fire, 

4, elimination of defective finteh problem by the nature 

of the allefiberglasn construction, 

fo, substantial reduction of manufacturing costa, 

6, repreducibility of dimension and physical property 

offering tadividually interchangeable blades, 

‘, greater rewistance to handling damage, and simplicity 

of repair, if required, 

4, reater ease of inapection, sugeeseting optimum field 

maintainability, 


Coneluded, from the associated teat programe, te the feasibiie 
ity of achieving glase fiber control tubes with atrength and 
fatigue properties equal to or greater than standard aireratt 
specification ateel tubing, and apprectating @ weight reduce 
tion with corresponding dynamic load taprovementa, 


Obvious from these efforte ta the expansion to thelude larger 
shafte where weight and corrosion taetors are tmportant, as 
well a8 basie atrength, 


From limited temting and atrema analysais, it is concluded that 
an elastic hinged atructure (no bearings), such a8 & twoe 
bladed, Onewplece tall rotor, can be developed whieh will give 
maintenanceefree service, 


It is interenting that the torsional shear atrength (perpendio= 
ular to the strands) of oriented unidirectional fibers to thie 
configuration was found by test to be at least sin times 
wreater than the published tnterlaminar ehear data used tn the 
Original design criterta for the same material, tt can be 
expected, therefore, that higher torsional shear allowables 

oan be conservatively used to prediet substantial gations in 

life expectancy for thin type of application, 


UCONN KNDATTONS 


In view of the outstanding developments accomplished through 
the we of fiberglasseroeinfurced plasticn, it is recommended 
that the advancement of the state of the art with reapeet te 
helicopter dynanie components be continued, 


This te deemed paramount not only because of the properticea 
atrenwth and fatigue qualities of the material and the u 
mite eoononie savings to be realived through reduccd wo 
turihy cosets, longer mervice life, and avatlabiaity « 
noheritical material; but also becaune of the mat: sal 
ledge to be derived from structures that are subs te! , 
combinations of stress loadings, 


Acquisition of such knowledue would find application in mans 
other major demiun fields, 


Continuance of the alleglase blade program im recommended to 
Hather quantitien of Flight strain and fativue data to sub. 
stantiate conpletely and statiatioally the strength improves 
mente here reported and to support the benefite perceived by 
limited inves tipations, 


The present estate of the art will now support tulleseale 
exploratory development needed for higheatrength, loweweight, 
MAlLhtenAncesfree Alroraltl landinge“ear syatemm, The elastic 
Oriented unidirectional members of an Alleglassefiber mono- 
lithiowconstructed landing gear would reduce the shook trans 
Miewibility tnto the fuselage without the need for added ahook 
abeorbers, The resilient and durable material can be readily 
Bhaped, can house electronic antennae, and can eliminate pro« 
truding joint weldmenta, vivets or bolta, thereby economientiy 
reducing the common drag effecte of metallic wear, It te 
recomecnded that his type of system be developed for meeting 
the needed landing gear requirements, 


Further, it is recommended that a program of study on glass. 
fiber-ortented control tubes and shafts be encouraged, tere, 
ayain, the atrengt) and fatigue qualities are outetanding, but 
other properties such as noncorrosiveness, nonmagnotian, 
Lightness of weight, and notoh insensitivity are not to be 
everlooked, Such properties would manifest themaelves login. 
oreneee | particularly in weightesensitive airborne applica} 
one, 


Recommended, also, is & complete study of the elastic proper« 
tiem of unidirectional laminates as indicated by the solutton 
of the hinged tail rotor, Along with the fundamental practical 


concept of & maintenancesfree, longeserviceelife system, is 
the contribution of filling in the void now found concerning 
torsional shear data for directed glass fibers, As pointed 
Out in this report, the torsional shear strengeh can exceed 
the published interlaminar shear strength by AL least winx to 
one, Quantitative testing im required to substantiate theme 
results, which can then be utilived by creative demiyners and 


stress analyete, 


IN THODUC TION 


In L050, Kamau Abreraft Corporation wae experiencing &@ Btruce 
tural problem with the rotor blade for @& newer more powerful 
model helicopter, This blade was basically of wood cons truce 
tion and, due to the heavy forces acting upon it, was subjeet 
to limited fatigue life, At this time the attractive proper 
ties and characterisation of Liberglaseeretnforced plastics 
appeared to lend @ solution to the botor blade problem, and 
atructures made from such materiale were tested as compatible 
bonded reitouftoreements to the wood structure, 


The results were excellont, and eince then fiberglass has been 
incorporated in many of hana designe requiring bidhes treng th» 
toewelwht ration and adequate tatigue Lite, 


In addition to the demanding atructural requirenents and 
because of the basic simplicity of fabrication, fiberglass isa 
Used in many Hons tructural Areas such ae engine nacelle taire 
ings, @ir intet ductea, drive shaft and pylon fairings, toatrue 
ment panel ahield, cabin heater ducts, stabihiters, and many 
others, 


On the Kaman Model HiledUH, approximately 2 percent of the 
helicopter's empty weight ts made up of Tiberglase, in the 
later Ule#A model, the usage of fiberglass inereased to 
account for nearly 6 percent of the helicopter's weight, 


This report is @ compilation and analysis of the most signifie 
cant teat data and results of the usage of fiberglasaeretie 
forced plasticon at Kaaen Aireratt Corporation as they were 
developed in time to justify or subsataniiate the use of the 
materials for their applications in the airorart, 


NNOTION I 
MATENIALS LABORATORY INVESTIGATIONS 


Parallel with the design atudies and the teating of fulleseale 
parte (Test and Development Seetion), the Materiales Kngines?« 
ing Laboratory performs teating of small specimens in aceorde 
ance with Federal testing standards and company apecifleattonsa, 


Hecause of the physical property changes of fiberglassereine 
forced plastic with various reatne, resin content, laminating 
pressures and temperatures, poset curing, flber ortentation, 
ete,, the Material bngineertng Laboratory fabricator wamp ler 
with the various parametora to optimive the part for ita 
intended application, 


In addition, the Laboratory analyges failures of teated parts 
to determine cause and quality and evaluates partes fabricated 
by other manufacturers, 


Thie section reporte some of the resulta on toplos such as 
tabulations of @ compariaon of several FI tubes and roda; 
physical propertios, poet cure effeota, and water absorption 
effectea on FW laminates of polyester, phenolic, and epoxy 
reain eyatems, and studies of tenatle specimen configurations, 


A, CONTHOL TURK OF FIN KHOLANN «UE TNFOKC KD PLAN TIC 
Statement of Problem 


Kaman Aircraft Corporation, since ite ineeption, has been 
AsmOctaAted with the use of primary atructure reciprocating 
control components operating to high centrifugal fielos, 
Standard hardware has been ateel tubing with welded end« 
fittings, and this has performed satiafactorily, However, if 
lighter weight tubing coucd be realised, the assoctated load 
and endurance improvement would be moat beneficial, 


With the appreciation for the need to develop bigheendurance, 
unidirectional, fiberglass-reinforced plastic tublog, Kaman 
solicited for the procurement of tubing to teat and evaluate, 
fhe request atressed such considerations a8 the tmportance of 
amooth alignment of the longitudinal fiber stock, the mandae 
tory eaternal tube wrap for fiber —o. and souff protec. 
tion, and the option of internal wraps if required by fabri- 
cation process, Figure IWAl ta a aketoh of the suggested 
tube crosa section, 


Depeription of Specimens 


Two companios responded to the solicitation with samples of 
tublin., Figure leAZ te & mketeh of the sample from, let us 
ay, Hrand "4"; and Figure leAU is @ sketeoh and photograph of 
the ross section of tubing received from the rand "¥Y" Com« 
pany, 


Althcugh they were not made to Kaman specifications, two other 
Commercial Bpecihiens were tested as side interests, They were 
a polid vod of wrapped fiberglass cloth and a sample ef prem. 
Bure tubing, that ta, tubing possessing atrength againat 
bursting from internal pressure, 


All four samples were epoxy resin system, The Mrand "¥" 
tube was fabricated from Minnesota Mining and Manufacturing 
Company's “Seotehply” with @ thin scrim cloth backing, 


The remulte of the tensile testing of the few specimens te 
tabulated tu table LeA, 
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Dikoussion and Cone lusion 


fuble IA compares the four fiberglass specimens with alreratt 

apecification steel tublng, From the given seetion properties 

and weilehts, an interesting tranatormation is made in converte 

ing the tensile atrength into a specifie strength or atrength,s 

woluht parameter, On &@ specific atrength basis, tt is tmnedi« 

ately evident that each of the qlans fiber products im superior 
to the mteel tubing, 


The commercial rod, constructed of high resin content and woven 
cloth 10 whieh oneehalf of the glase fibers are oriented per- 
pendicoular te the axial load, exceeds the steel value by a 
factor of two, 


The commercial tubing was 24 tines stronger than the steel 
tube, The good tensile characteristics are probably attribe 
uted to excellent quality eontrol in fabrication for ite 
intended purpose of burst atrength, The lower resin content 
indicates wood use of glass stock for atatio strength, 


The more sophisticated tube, rand "Y", was fabricated very 
closely to Kaman recommendations and is shown to exceed the 
apecific atrength of the steel tube by nearly 9 times, It 
in interesting that this value can be expected to subs tane 
tially increase in view of the nonclassic fallure of the teat 
apecimen, The premature failure oecurred as longitudinal 
separations of the fibers, It has been the experience at 
Kaman that stabiligation of the glass fibers within the unit 
atructure will result in @ substantial increase in atrength, 


On the other hand, misuse of glase fibers can result in a 
substantial reduction of expected atrength, as evidenced by 
the Brand "4%" tube, which had the same material system as 
livand "Y¥", Visible to the naked eye wan the ragged cons truce 
tion and disregard for smooth alignment of the fiber stoek in 
this specimen, Although even this poorly fabricated plece 
was superior to the ateel on @ atrength=toewelght basia, the 
drantic atrength reduction penalty for inefficient use of 
“laseeretnforced plastics shows clearly the importance of 
design knowledge, quality control, and reliabtlity of those 
engaged in fabricating primary structures from glass and 
plastic materials, 


Immediate priority demands preclude further development at 
this time; however, it ie concluded that stabilivation of 
tube fiber structure can be achieved with minor modification 
of the Brand "Y" fabricating teehnique, The results in 
atrength and fatigue properties superior to the aivreraft 
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specification steel tubing and & weight reduction with corres. 
ponding dynamic load improvements, 


Ds POLY Kb TEN LAMINA TG 
Statement of Problem 


Hecause of the relaxed demand for strength Properties Lh none 
Btructural applications such as certain f@irinue, ducts, panele, 
and others, Kaman Aivreraft Corporation for the moet part uses 
the loWer' cost polyester resin systems in such cases, Although 
not critical prime structuros, these parte still demand reli« 
ability in environmental usage, In this reward, the Kaman 
Material Engineering Laboratory carries on teste to evaluate 
these systema and to determine the effects of resin content, 
laminating pressures and temperatures, post curitiv, ete, 


Description of Parts 


All teat methods and specimens described herein are in cone 
formance with Federal and/or military testing atandarde, 


Phynj cal Properties 
Table Leith compares five different polyoeter remine, 


The resins were: 


Laminae 4110 manufactured by American Cyanamid Corp, 
Laminac 4116 manufactured by American Cyanamid Corp, 
Laminae 41a manufactured by American Cyanamid Corp, 


Selectron S005 manufactured by Pittsburgh Plate Glass Co, 
Polylite W000 manufactured by Heichold Chemtoals Corp, 


The specimens were made of 14 plies of No, 1M) fiberglass cloth 
impregnated with the romin, benzoyl peroxide, and Promoter 400 
ish proportion of LOOwgel parte by welyht respectively, They 
were cured in & presse for one hour at 140° F,, and the thicke 
hess wae controlled by placing shims between the press heads, 


It is noted by the tabulation (Table Iefl) that the tensile 
and flexural atrengths of all the specimens are relatively 
Close to eaeh other and substantially above the Mi beite7575A 
minimum etandarde, The significantly controlled thickness and 
resulting uniformity of resin content tno all systems can be 
noted, 


It is concluded that in the manufacture of fiberglass poly« 
eater systema when reputable products are used, maximum 


\@ 


atrength can be achieved by & process of quality eentrol of 
the resin content through proper pressure application and cure 


ing temperature, 


Yable Je«li# shows the resulte of four pomteuring eyelem on a= 
ply Jaminates of No, Lad fiberglass cloth, Sinee the valuen 
obtained ave conparable to one another and in all cheer exceed 
the minimum vequirenents of the military sper ifieations, tt be 
concluded that any of theme eyelem may be employed th the proe 
duction of polyestor lantnations, However, Gare ahould be 
olbmerved in the Jonyeperiod room tenperature posteure to 
Aumure an ambient temperature of 70° F, 
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TADLE 1-0 


PHYSICAL PROPRATIKS OF POLYKATEN FINKROLABB-NRINFORCKD PLASTIC LAMINATKH 
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),20 
3,01 
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4.07 
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4.07 
4.06 
ob NG! 
4.00 
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4,08 
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2, A0) 
aM 
4.7% 
2,00 
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e Tonwile Tonaile Flexural Flexural 
Pomtoure Bpevui= = Ktrength Mody lun trength Mody bus Harcol 
Cyole men No, (PHI) Clo" PAI) (Pet) C08 VAI) Hardnonr 
3 wookm @ \ 47,100 $400 
room tomp. 2 39,000 4,87 
4 4,000 wi My) 
4 vd, 100 aia tid 
a hours 4 ) 60,200 4,0 
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: 70,700 4,14 TT) 
4 77, 000 eda in 
if pours « l 49,700 0,08 
140" F, a 42,200 4 
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1uo” ¥, a 61,000 3.00 
Fy) a0, 100 2.00 7 
4 73,100 Q,0g i4 
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© BSpocimena: AQeply No, 181 Fibeorglann Cloth impregnated with: 


Laminac 4116 © 100 Parte by Weight 
Nenaoy) Poroxidy =§ 4 " " " 
Promoter 400 -= 2 moon " 


Naaio cure at room tomperatury 


becondary londed Polyester Joints 


Many designe of fiberglass laminations, out of tecemmity, must 
be fabricated by the secondary bonding of structures, Te 
ensure the integrity of the joint, it im imperative to use Come 
patible materials and proper technique, Tt hae been the expere 
tence &t haman that epoxy systems are atronger and more compate 
ible to moet materials than are the polyester systema, Table 
Jeli io &@ tabluation of block shear strength tor secondary 
bonded polyester jointea, To ensure compatibility, the same 
resin syeten was used in the cured laminate a6 used in the 
joint, with the exeeption of the addition of an inert fillor 
(CAlieOeSlL «= @ silica flour) to the joint resin mixture, The 
resulte show general lowestrenuth shear values, Although the 
resin supported with & cheesecloth spacer wae superior to the 
Joints Hot using the cheesecloth, the average atrength atill 
fell under the 4,400 pei minimum of the Kaman Speeification, 
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LGC SHEA STRENGTH OF SECONDALY HONDED POLYLSTEK JOINTS 
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C, PUBNOLIC LAMINATES 


In some applications, it is desirable or necessary to use fiber 
Klasse preimpregnated with the rosin syetem, Vhenolic vesine are 
found to lend themmelves well to this type of application, 

WMed7 (Hhoomingdale Hubber Company, Aberdeen, ‘aryland) is an 
approved phenolic used In some hanan deniunea, Of partioular 
interest ia the Kaman application and ite effect upon the 

desinn atrength of the structure, 


Specifically, in the fabrication of thineskinned structures, 
Buch €6 A Bingle ply of No, Lil fiberglass cloth ov a double 
Ply of No, 120 cloth, Federal mininun standards in most 
lhatances are greater than the tosted values fron theme apeci« 
nena, Thin is probably due to local imperfections in the eloth 
which are not supported by the surrounding tibers an in multie« 
Ply laminates, Table I*Cl shows the reduced values of tensile 
Htrength for the thin specimens and also the superior valuen 
for & liéeply specimen made by the same personnel using the 

name equipment, 


Table IeC2 indicates the loss of tonmile and flexural proper. 
ties when the part is overcured, This overcuring te visually 
evident by @ darkening of the vosin and would be cause for 
rejection if observed on any manulactured part, 


Table IeCd shows a compavinen of the PMed7? phenolic prednpreg. 
nated resin system and the wet layeup epoxy system using a 
“standard” resin mixture of: 


SUELL CHEMICAL CO, lenin Bpon #20 - 100 parta/wit, 
Vermamid 126 oe 30 3 " 
DTA (Diethylenetrianine) « “ " " 


It im Observed that: 

1, The physical propertien of the two syatema are equal when 
the resin content of the systems is nearly equal and 
Within the optinum vane, 


4. With optimum resin content, the thickness ef No, 120 2 hann 
fabric in & cured laminate is ,0085 te ,0057 ineh per ply, 


J. Fabricating pressures over 50 pai have littl. effect on a 
laminate of Ne, 120 ylase fabric imprveynated with PMed7, 


4, Lewin content in the PNe4d7 laminate must be controlled in 


the preimpreynated state since no “squeeszeeout" of resin 
is experienced during cure up to 100 pri pressure, 


1) 


b, ‘Tenmile prepertioe of the wet layup cpexy laminate are 
ore hdaveraoly alfected by ekvessive resin eontent than 
in the pheno bic lktninate, 
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PIYSICAL PROPERTIES OF PtP, LAMINATES (Phenolie) 
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D, KPOXY LAMINATES 


Where maximum physical peopertion are desirable with wet lay» 
up fabrication, epoxy rening are generally used, Kaman ‘rs 
eaperionce with epoxy laminates of greater than & plies in 
thickness has repeatedly shown quality eontrol laboratory 
examination which yields strength values exceeding the 45,000 
pei tensile and 65,000 pet tlexural strength mind mune of MIL 
apecificationn, For laminates of lesser plies, the results 
are widely scattered, with @ general reduction tn atrength 
vVailues, tt is to be noted that this characteriatic isn a funce 
tion of the plies and not the thickness of the fabric, 


Thin ply and strength relationship wan used in a Kaman domign 
proponal for a small helicopter fuselage where the body skin 
win to be made up of & Teply lamination of No, 116 fabrie, 
(,005«ineh nominal cloth thickness) in preference to a deply 
lamination of No, 141) fabric (,010 inch nominal cloth thick- 
hone), Specimens of both of these laywups, with the sane 
resin syatem, were made and tested for comparinon, Strength 
values were obtained in the longitudinal, transverse, and 
bianed directiona, Table IeD1) is a tabulation of the results, 
where it de seen that the average tension value for the 7e«ply 
No, 116 fabric laminate in approximately 26 percent higher 
than that for the Seply No, lal fabric laminate; yet the 7- 
ply No, 116 laminate in ,00O8 ineh thinner and approximately 
¥2 percent lighter than the Geply No, LH) laminate, 


In addition to the above specimens which were laminated with 
the warp in the same direction, @ Seply No, 1LlO laminate wan 
made with the warp in the same direction and one was made 

with the warp in three directions (isotropie), From eaeh 
laminate, tensile specimens were cut longitudinally, trann« 
versely, and at &a bian with the warp and wore tested for cone 
parinon, Typical thin laminate seatter wan observed, with the 
only definite indication of improved atreneth shown in the 
inotropic biasedecul specimen, 


As with other resin systems, the opoxien are Bubject tO oOnvie 
ronmental exposure etfects, To yet some idea asm to the mever- 
ity of reduction in tennile propertion, laminate specimens 
were placed ti Kaman's environmental chamber and subjected to 
exposure at 120° FF, ane 04 percont relative bumidity, Table 
IeD2 shows «4 tabulation of average ateongth values taken from 
tent Jote of five and compares sanplen of unexposed spectinonns 
to those under exposure tor 7 days and JO dayne, ALihough 
based upon a relatively amaill number of specimens, the data 
obtained reveal an 1H percent to UO peveent reduction in 
tensile atrength after 7 days exponure and & do percent to 

O67 percent reduction after GO days under the same condi tionn, 
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Although the above rokults show & serious effect of environ: 
mental modature or atrongth, 1t mumt be pointed out that the 
environmental oxponure conditions were melected to be nevere 
ho wm to ACColerate the evaluation, Furthermore, the apontmon 
had milled edgom with exponed fibers conducive to "“wleking" 
permoability and had no protective couting, The tent door 
badioate that laminates need environmental exposure protection, 
as do other airoratt mateoriala, With eare to avoid exposed 
fibers and providing normal airoraft fintahon and maintenance, 
Kanan fiborglasmelaninated rotor blade componente have oxpere 
ienced service life exposures excowding 1000 hours Of operating 
Lime and, in tomtances, have had intermittent usage for more 
than wight years without evidence of deterioration, NSeation 

IV of thin report offern additional data concerning weatheore= 
ing effects upon an alleglann fiber rotor blade, 


Whenever posmible, Kaman Aireraft evaluates new materiale in 
the interent of fabricating products with improved quality, 
For oxample, Shell Chemical Company's "“Kpon 426" ta a new 
epoxy laminating resin which tim being qualified to MibeAef400 
and wan tested for comparinon with Bheli‘’a "Kpon #20", which 
han been Kaman's atandard epoxy lawinating resin for room or 
intermediate temperature cure, The vimeonity of Kpon W220 in 
Kbout the name am that of Kpon 420; however, it doom not cone 
thin a reactive diluent as doom Kpon 420, (The diluent addie 
tive lowern the vimvowity but alno may affect certain phyntoal 
propertion, ) 


in mixture with the epoxy, "Versamid™ polyamide rowing (a 
General Mille product) are generally uned to obtain & dogree 
of toughness and flexibility jn the cured laminate, Vernamid 
126 haw been the atandard polyamide modifier uned at Kaman, 
in the uncured state, 1¢ in lent mumcoptible to atmonpherio 
motature and i@ fanter curing than Vernamid 140; however, the 
latter han a lower visconity and a higher heat distortion 


point, 


A norion of tonta were made to evaluate and compare the above 
reninn in the following combinationna;: 


1, Kpen 426 with Versamid 125 = compared to 
Kpon #20 with Vermamid 126 


4, Kpon #26 with Verwamid 140 = compared to 
Kpon 420 with Vorsamid 140 


4. Kpon #20 with Vorsamid 126 compared to 
Kpon 820 with Vermamid 140 


4, Kpon W206 with Vermamid 1465 © compared to 
pon M20 with Vermamid 140 


h, Kpon A260 compared to Kpen AZo 


All the above tent laminates were cured at room temperature 
uming Diethylene Triamine (DTA) an & curing agent, 


The tont pavnela from whieh the apecitmenm were made were of Le 
plios of Type VIII A (NO, TAL © 190) glans fabric, MibeCepOnd, 
The warp waa in the longitudinal direction, and the renin cone 
tent ranged from 41.4 to U.N percent, with an average of Wb 
percent, All specthnens were made and tented in accordance 
with Federal Tent Standard 400, The final thicknoom in the 
Ideply Jaminaten ranged from ,0002 to ,O005 inuh per ply, 


Table tebDd shows the romulte of thin temting, with the average 
viluom obtained from 6 mpecimons, While thin wmaldl number of 
wpecthonns ta not enough to give unqualified resulta, it doors 
Kive an indication of what can be expweted with optimum renin 
eontent and controlled untform thicknown, 


1, Kpon W220 with Vormamid 126 in 56,20 percent atronger in 
floxure than Bpon 420 with Vermamid 146, There in 
Little difference th tensile atrongth, 


4. kpon #26 with Vermamid 140 in 0,1 percent stronger in 
flexure than Kpon 420 with Vormamid 140, There in 
littlo difference in tensile atrongth, 


4, Rpon #20 with DTA 1a 6,7 percent atronger in flexure 
than Kpon #20 with DTA, There im little difference in 
tonnile atrongth, 


4, There are no appreciable differencen inh room tenporie 
ture phyateal propertion betwoen Epon W230 with Vernanie 
126 and Kpon #20 with Vermamid 140; however, difference 
would bo expected at vlevated Comporaturon, 


Klevated tomperature, fatigue, and environmental toventigie 
tionnm ahould be conducted for a more conplete evaluation of 
thome ronin compounda , 


With inoreaned demands upon helicopter rotor atructuron Kaman 
Aircraft nought solution to many problema through the use of 
fiborglaen, partioularly ortented giama fiborn, Materials 
wupplied by neveral reputable manufacturers have boen wned 
quite muccesafully in Kaman fabrivationn, and the quality cone 
trol apecimenk tented tn conjunction with manufacturing 
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procormon gonerally exceed, by & substantial margin, the 
requirements of Mib=Pe2h421A (minimum tensile atrength = 
100,000 pat, mintiiun floxurad atrongth © 126,000 pai), Many, 
porhapea mont, of Kanan's applications deal with wtructuron 
Aubjeat to high fatigue requirements with primary high ateady 
NtPoOmmom Ane vcyelde Combined Atresmon, In much CARDA, whore 
the inherent tranaverne weaknons of the pure unidirectional 
fiber Jity-up de Inadequate, succoam hase beon Aohbeved by 
Hneorporating layeupm Of plien alternately oriented at ¢ ue 
or, where demanded, £ 16° © the degrees orientation being 
Wbout the primary atlroes path 


GQne Of the areas wubject to much dipevanion, and aw yet unroe 
bOolyed Jn Yederal tent methods, ta the technique for apeolmon 
tenmtle teomting, Specttionlly, when tomting untdtreotional or 
SS) oriented apocimenn, invalid failures tnovariably ooour an 
the grip area and not in the tent weetion, An oxncellent 
oxample Of thie te found tn Table Jepd, where npecimons of 
directed (iboryglankm tape (Fiber Olase Diviston, Ferro Corpora. 
tion, Naahvidle, Tenn.) Jmpregnated with epoxy resin (U, b, 
Polymeric Corporation, Otamford, Conn.) were made and tented 
in waeoordance with Federal Test Method 400, 


lhe ronulte show seattered vatuen a1) substantially above 
minimum VIL epecification, and yet all failed prematurely tn 
the grip area, Thie chataeteriatic has alae been brought out 
by inventigationn of the Heinforced Plastic Division of 
Vinnenota Vining and Manulacturing Company, who suggest 
modifying tensile espe ctmens to thoorporate reinforcing alumi 
num plates as shown in Pimure lebDl, 
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The Kaman Material tngineoring Laboratory han been unsuccenntul 
with thin method in tenting £ 6° specinenan where analynin han 
nhown bonding fatluren under the alumbuom platoon, Kaman also 
han made A Limited inventigation on 3 tensile spoecimenk, 
Inetead Of MAKING plovom with relatively long test seetionn, 
the tomt area win formed by sanding #8 2.00eineh radium on each 
fide of the laminate (mee Figure teb?), 


Although limited tents were made, an apparent pattern tn 
Obaerved when the tomt area width im varied ana ahown to Figure 
1=-D2 and Table Jebh, 


With the mpecineon tent width at approximately 20 tooh (mimidar 
to Type 1) of Poederal Teat Wethod 406), fablure oecurred tn the 
“rip Area at relatively low valuenm (mtill above MibePeAbdQIA), 
When the meotion wan redyoed to approximately ,40 inch, tone 
Wile atrength thereamed mlightly but again a grip area fa, dure 
ooourred, However, at & tonmt section width of about , td tneh, 
the tontile mtrength again toereased and the fatlure occurred 
in the temt mection, When the width wan reduced to ,OW tnoh, 

a valid failure ooourred in the order of 140,000 pai, Thin 
concurred with 0 M teat values for the £ 0° ortonted “Neotebply”, 
which wit used in the above tomt, 


The results suggent that for a given symmetrical ortentation of 
unidirectional fibers, there onxinte an optimum teat arew width 
when the tent meotion in conmtructed am denoribed herein, 


Figure Ie-D2, 
4 6° Oriented Unidirectional Tent Specimen 
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HRETION 4 
COMPOSTTE DLADL DEVELOPNENT 
HACKGHOUND 


The rotors that support a helicopter are mechanical cotatin 

Clomonts that have to meet mont of the apectal roquirements of 
highenmtrenwth rotating machinery plus having thebe own poouhias 
type of behavior that makes their domiyn oxtremely soplin ta ute 


In partioular, the helteopter rotorn Operate by an oweillatis 
relationship to the ale, whieh taducom varlable foroer and 
Vibratory atyaine Of A cCONntinuounm nature, 


(hin dineunafon wild convontrate on the rotor bli part of th 
Kaman heolieoptor rotor, dinveyarding the very hind Hyver ean 
mochanical components Of the moech aod hub and blade atta 
mont, 


The helicopter rotor blades are very slender bodies, whieh ar 
Hhaped to clomely controlled airiotie and endowed with control 
myntom capable of making them follow the cyelicoally variable 
path that te required to manouver the helteopterm in thes 
various moden of performance, 


The bladesm tavelved in our dlacunslon for the Fanan Wiheduh 
“SNuskio” Holicopter repremont @ further atructurad problem 
becaune the atructure ttmolf tm uneod fm ah elamtic twimt and 
bending hinge and the controlm aro applied to then through thre 
Charactertatic Kaman nerve flapn (Figure tlel), This partioue 
lar arrangement hase permitted meapliftication Of the attaching 
machinery and requires meh lighter control loadm for the 
inboard parte of the ahip, bat tt totrvoduces problem of delie 
eCate dynamic and elantio balance for the blade and all ita 
COMpPOnontr, 


The blade under dineursion te a “paddle” about 24 foot long, 

17 inches chord, and approximately 4 incher thick at the manie 
mum point with & wollerounded leading ed oe and & trimly tapered 
trabling ode, 


An tdea of the precision requirements for thene bladen ia an 
follown: 


The weight of two Diladorm munt be eontrolled to be balanced 
within | pound in '/70 or ,f0 pereent, 


40 


The airfoil ahapen must be held to a tolerance of plus or 
minue ,O10 inoh on all contours after all the variour operte 
tiean of fabrication, balancing, coating, ete,, are nuccenes 
wively performed, and tneluding the basic raw materials 
wtook variations, 


The tormtonnl atiffnens of the blade ta held to approximately 
L,O,dnehepounds per degree out of 190, or ,70 poreoont, and 
the location of the center of gravity of the nymtom in 
weanured repeatedly and kept within a ,Od2einohedtametor 
eirole, 


All thome requirements whieh are nocensary for smooth running 
and proper control response tya ensured by & CONtINuOUA Rorton 
of Ineproconm controla and check pointe with a lot of fine 
hand (rimming and rational rediatribution of weights to pree 
vent the total assembly from oxooeding the very mtetet bimite, 


In nddition to all thin, nome dynamic checks are takon on the 
bladum by ntudying their reaponne to vibration and determining 
tho proper balance tn the chordwine direetion that will permit 
uniform control reaponme in flight. Finally, no blade can be 
foentalled on an atroraft unlena ite performance has been 
vheeked on a tent rig or Of An experimental atreraft to ensure 
that wll the previous care ban been actually tranmlated into 
an operable component, 


Theone bindon may vo nubjseot to hard une and they may be damaged 
and repaired; also, they usually have an establinhed overhaul 
interval after whieh they have to be very clomely tnapected 
hefore they are uned nyaln, 


On all much Ooeantons, where material te replaced or added to 
the bladen for repair or where Home components are atripped 
from the blade for tnapection, the minute careful balanoing 
And matching procedure has to be repeated mo that the final 
overhauled product ian worthy of flight 4m well an & brand new 
blade, 


Abnorption or ontrapment of motature within the bladen of a 
helicopter th an uneven mannor will tmmediatoly create outeofs= 
balanee condi ttonn, 


In nome caonom, renting the helicopter bladen partially itn the 
winde will cause uneven behavior until the relative tompeorae 
ture differencen are aghin equalized, 


In view of the aboveemontioned faetm, it tm evident that nome 


matoriad that would be light, eantly workable, tinpervious to 
novero oxponure effects, highly rentifent, moderate in price, 


4) 


——————— 


and capable of long=term endurance under fatigue conditions 
wteae he tdeally muited to the construction of helicopter rotor 
) ador r) 


At the beginning of the company waetivition in thin field, the 
Only material that would permit the uae of the Kaman nerve 
Flap am! elamtio hinge principles, with @ good compromine on 
weight and endurance, wie nome rather elaborately pitoked and 
procemmed wood because Of the low modulum and tiherent renil- 
jonce wo obtalinable, 


Aw the mize of the atreratt grew and ttm operating Iifo wan 
increaned and new more poworful powerplants could be adopted, 
&W Limit wan reached at which the wooden atructuren would not 
quite have muffiotont atrenwth to permit development of an 
adequate produet within tolerable wotght Iimitn, 


Hines 1904, Kaman Alreratt han atudiod the retnforooment of 
none Of the Immediate woak pointe of the wooden bladen by the 
uno Of fiborglammeroinforced plantio laminator, 


In AOMe Chmon ALlonpth were made to une metal reintorcenentn, 
but by and Jarge, muccesm in tranmforring loadea and delaying 

endurance damage wan avcoonplinhed by the rational application 
of Jayors or various myatomm of fiberglann and plamtic, 


It mint alao be noted that tn eano of tont failurom the woll 
uned procomnm Of "“boefling up" doen not work for highempeod 
helleopter rotor parts because in many caaon the additional 
weight required for atrengthoning, multiplied by the "GQ" 
field under centrifugal force, makon tho ronultant stronnon 
more Onerous than the tnittal onen, Therefore any correction 
Of the wituation mint be achieved by cleverly redemigning a 
component to avoid the overloading that cauned the fablure in 
the firnt plave, 


One typical oxample of thin procedure occurred tin the develop- 
mont of the servo Clapa where a partioular problem of teros 
@lantio mtabblity required a atructure that would combine the 
proper proportion of torsional atrength, bending ntiffnonn, 
and oxtromely Light weight, 


After # number of tenterty falluron and dewign improvements, 

the problem wan solved by introductng tapered apar capr of 

very high atrongth unidirectional fiborglasneroinforced plane 
tion, which performed properly in bending without changing the 
torsional tuning and did not tneroane the weight of the annombly 
to an intolerable extent, 


Various #erten of flaps with or without lems elaborate plantio 
reinforcing had soon services before the final molution was 
wehieved, but in all canon they required “red line" Limit tattionn 
to either the apecd or the fiignt attitude of the alroraft to 
Avoid toductnhy weroolantio trouble, 


rigure Plel tu A baeic mhoteh of the Kaman HHe40n blade, 
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Figure lel, tketeh of lanio Holtecopter Niade 


ror economic and conventence reanons, the blade nomenclature in 
broken into areie and apecithonn Of theme areanm aro tonted prior 
to complote blade final tenting, Analytieal data and whirl and 
Plight tomt adata are “oranked™ tnto npectmen tent loadm and 
revined An taformation in gathered to onmure Integrity and 
waAfoty marginn, 


STATIC TRS TING 


From 8 wtatio atrengthwine view, the blade root end ta the 
weaken? component of the rotor head myatom, It in nubjectod 
(oO aA Combination of high centrifugal foree, theplane or edgee 
wine bending due to engine rotor torque, and flapping or flate- 
wise bending. Thene loadm wore applieud to the root ond apoecte 
Hone in the followtog manner ; 


1, Contritugal loadn were applied to the apecimen by means 
of hydraulic eylindern pushing on a load beam, The C,F, 
loads were monttored by a hydraulio preseure gage, 


4, ngine torque wan applied to the specimen through a atub 
Wie4ih rotor ahaft, aotuated by a hydraulio cylinder in 
a KOlf-contained cable wyntem, Monitoring of the torque 
loads wan accomplinhed by a atrain gage bine calibrated 
againat known company mtandarda, 


4: 


J. Application and vontrol of tlapwite bending momenta were 
acoompliahed by means of a vortionl hydraulie cylinder 
Attached to the center of the huo, VYonttloring of the 
bending moment wan controlled by two provioundy calle 
brated rotor blade root endm, A calibrated hydraudt 
Prompmure gaye wan veer tO Obtain the ehoar load applied 
to the ventor of the hub, 


rivuron the’, Thet and dled nhow the apection and Fixture ae 
demeribed above, 


The blade root ond wae inatrumented with biied type etrain 
yagon wm mhown t0 Figure bleh, 


The eritical mtathle tent conditionm to whieh the apectmoen wom 
tonted wore simulated airoraft maneuverna creating a pomitive 
(9) oO "ge" at 210 HOP, and & negative (=) 0,5 "ey" at BOO 
WOM, TrADNPOmIny thin to aetual foreen and momenta rewul te 
in the following: 


eh ee" condition 

21,000 in,elb, at blade Btw, 14,0 
1,000 tn,etb, at blade Sta, U1, 
110,000 to,edb, at blade bta, 40,0 
70,000 tnh,<-db, at blade Sta, 07,0 
41,046 Jb, contrifugal foree 
4nH, 000 tneedb, onygine torque 


e O,b — condition 


© 175,400 tdnvelb, at blade bia, 14,0 
= 119,600 tn,=lb, al blade Sta, U1,0 
42,000 in,elb, at blade Sta, 40,0 
« 44,800 in,elb, at blade Sta, 67,0 
0,000 db, contuiftupgad farce 
204,000 tin,eth, engine torque 


Thome above toade are termed "limit" loads whieh are equivalent 
to what the actual part would experionce for the given conde 
tion, Hy apootfioation, the part munt be able to wi Che tand 
“lttmato” loads, whieh are defined am 150 percent of the Limit 
lond, tt im domirable, of coOurme, to renbive highor pereon lagen 
HO fh tO Create greater marginn Of mafety, 


The test procedure for the root ond apecimen wan to apply 
jondm in 20 percent increments up to 100 percent bbb, 
(dowign Lintt load), and tn 10 percent tnoromentm to PH0 pore 
vent DLL, Subsequently, the apecimenn wore loaded to taile 
ure, Strain gage data were recorded and plotted to detoct 
yiwlding, 


Figure Pye? 
Typical tub, Grip and lade Nhootevnd Tomt 
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Figure Pdel 
Ine trumentation and Wolt 
lade and Grip Hoote had 
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Fixure Tl«€ shows the crossesectional developuent of the blade 
root end by the application of fiberplassereintocced plaatic, 


The original improvement design for the laminated apruce and 
maple wood spar (figure Tle6) wae to shave off approximately 
7/0 ineh from the top and bottom surfaees and to bond in tte 
place @ reinforaing “cheek” plate comprised of aA jeineh lamin 
nate Of Phenolie fomin Fiberelasee and & 1/Bedhol laminate of 
4 5° oriented layers ef aocotehply (4 M Ce,), with the Beoteh= 
ply forming the Outside of the composite pandwieh, This 
apecinen completed the LOU percent D,L.L. rune at + 4,0 ¢ and 
« 0,0 gi) but da an attempt to acconplish the ultimate Limit 
load at + U.O gw, & Pootewond failure occurred at 146 percent 
of the design Limit load, Figures Ile? and Ile reveal the 
failed specimen, 


This premature fablure nhecemaitated @ domiyn modification in 
order to matinty the atrength requirements, Therefore, 
Heparate tents were conducted on siigle blade rooteond speci« 
hens under combined contyvifugal load and Clatwise bending te 
Assess these modificationna, 


After the prematurely failed blade root end wan dissected, an 
investigation indicated that the primary cause was a wood 
shear failure between the upper and lower surfaces of the 
blade, 


The Dynamic Streae Group suggested @ fiberglass shear tie plate 
on both leading and trailing edwen of the blade root end te 
eliminate this problem, A specimen wae made which inoorporated, 
in addition to the cheek plates, Jeinoh shear plates of epoxy 
resin and No, 141 glass cloth layed up with the warp at 46" to 
the apan (lengtiwise) direction (And configuration, Fiyure Tlet), 


This blade root end failed at 145,5 percent of the + 4,0 @ Limit 
load condition (201,000 in,@Wlb, blade Sta, 31,0), just under the 

a a requirement of 150 percent (407,000 in,wlbe, blade Sta, 
1,0), 


The vertical shear tie plate failed along ite glue line where 
it was attached to the upper surface; thus, another design was 
made to increase the glue area of the shear tie by making it a 
vhannel section, hence completely boxing the blade grip retene 
tion area in fiberglass, The third configuration of Figure 
Il-() representa thie atructure, Ortentation of the warp tn 
the No, 141 glase cloth channels was at 45 degrees to the 
spanwise direction, 


The third modification specimen surpassed the 160 percent limit 
load and failed under the combined centrifugal and bending 
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Figure tbe-7, Original Stub Configuration Showing 
General Failure 
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Figure lle, Clonecsup View of fitub Fatlure 
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effect at 165,48 percent (226,000 in,«lb, at block Sta, 91,0), 
Thia failure oceurred through the outboard bolt holes in the 
area of the splice between side channels and cheek plates 
(Figure Il), 


The final modification (Figure [le6) consiated of placing the 
flanges of the epoxy fiberglass channele underneath the cheek 
platen, thus creating an uninterrupted structure for the bolt 
retention, Subsequent testing at the + 4,0 @ Limit load condi. 
tion remulted in yielding of a metallic retention component at 
16) percent, This in go close to the previous 109,48 percent 
that they may be considered the same; however, the significant 
deduction is lack of failure in the blade atructure of the 
final eonfipuration whieh later in this report will prove to 
be of value during the fatigue teste with these related parte, 
In addition, the opposite extreme condition of nheyative bende 
ing moment at « O,6 g limit load resulted in failure at LHO 
percent or 2ZOH,000 in,wlba, at blade tta, 41,0, This failure 
occurred in the wooden apar atructure outboard of the plasane 
reinforced area as shown in Figure Tle10, 


Also shown by these resulta is the more critical vlement of 
the higher }onding moment at the positive 4,0 © condition, 


Pigures Tl<1]l through Ile offer the plotted resulte of the 
above testing, 


Unlike the blade retention, or rooteend, aroa where Ciberglassa 
reinforcement wae paramount in deriving an adequate atructure 
statioally from the critically high bending moments and centrie 
ugal effects, the torsion and flap areas were atructurally 
adequate statically in the original wood configuration, lor 
this reason, static teat results for these areas are omitted, 
llowever, it will be brought out subsequently that the fatigue 
characteriation were wreatly enhanced by the use of fiberglass. 
reinforced plastics in the root, torsion and Clap areas, 


FATIOUR TESTING 


During the design and development of the HOK/IUK rotor blade 
(the predecessor of the He4il rotor blade), It was recognised 
that the two most critically atressed areas of the blade were 
the blade retention area and the torsion area between the blade 
root and the flap, Over the pagel these two critical regions 
of the blade became intensively developed atructurally, with 
successive reinforcements of fiberglass as the imposed opera. 
tional loads increased in severity and as tine between overhaul 
intervala increased for economic reasons, The reintoroouentes 
incorporated in these bladen were developed and rosulled in 
structural improvements 4a defined below: 


Figure lef) View Showdng Fadblure f Fiberglass Channe) 
Ketuforved Stub 


Figure P1-10, View Showing Patlure of Statie Tent ttubm 
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Figure IlW12, Flatwise Bending Moment Distributions 
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Figure [l16, Ylatwike Nending Moment Distributions 
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Figure TlWL4, RKooteWnd Strain Distetbution 
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Figure Il19, RooteKnd Strain Distribution 
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Figure tle2l, lhootebnd Strain Diatribution 
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Figure Tl22, RhooteEnd Strain Diatribution 
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Figure IT1l25, Ntooteknd Strain Dietribution 
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Figure T]e2H, RKooteRnd Strain Dintribution 
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Figure Tle20, hooteknd Strain Diatribution 


7 


fit 


au 


70 


oo 


oO 


40 


40 


KhOOT 
ROTOR 
PULL 


L000 


rigure 


“fill HUN, Gill & BLADE 
END STATIC THT 
HUM STRAIN GAGKS 
SCALE TKAT SHTUP 


’ 


2000 


re ’ 


100% Load 


-,6 G mn. 
sau QO sen 
sana Asan & 


4000. 4000 5000 O00 


TOTAL STRAIN At IN,/IN, 


] TeSO, 


Hooteknd Strain Distribution 


iad 


Hedi HUN, GRIP & BLAD! 
ROOT EXD LTATIC The 
ROTOR Wh BTINAIN GAGKS 
FULL SCALE THOT SHTUP 


t* 
fe 
te the 
” e 
Ao ' t ' ‘ 
s 7 | | 4 ra 
10 . | | a 
106 | ' 
| | 
f | 
HO ' ' + ® t i | 
if , 
60 / & ! ! | 
f | 10% Vaoial 
¥ =.) U tide U. 
) wan@ | aan fy 


spin 9 | sana? 


t ; ‘ 


r nal —— rer ro 
TOTAL STRAIN ia IN, SIN, 


Figure leSl, Hootebnd Strain Distribution 
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Niade Retention Area; The most critical and mont highly 
atrosned region of the blade exists at the root end bolt holes 
where the blade is attached to the grip, The predominant load 
in flatwise vibratory bending in this area, and the blade sec- 
tion must be capable of withatanding the highest measured 
vibratory flatwise bending moments encountered in hinhespeed 
flight, 


A, In 19535, a O/deinch thick fiberglanem “cheek plate" 
was incorporated in this area of the blade to reinforce 
the outermost fibers of the bending meetion againat the 
vibratory bending moments existing at that time in the 
HOK application, Fatigue tents indieated that this 
structure had an endurance level of J 19,000 Inehe 
pounds (Figure Il-d4), 


ih, Am time progressed, and the flight envelope for the 
aireraft was expanded, the need for higher flatwire 
bending endurance Limit in this region became apparent 
and we endeavored to try additional reinforcements by 
means of a l/M-ineh thick steel plate, Although this 
resulted in an increased bending moment endurance limit 
(+ 10,000 ineh=pounds), it was not deemed sufficient 
and development effort continued, 


Cc, The next development step was the substitution of a 
1/H#<ineh thick Scotehply plate in lieu of the ateel 
plate previously mentioned, This construction of 
Scotehply, with ite fibers predominantly spanwine 
oriented and the previously incorporated glans cloth 
"cheek plate” immediately beneath it, resulted in an 
endurance limit of £ 26,000 inehpounds and was incor- 
porated in blades early in 1957, Tt in interesting to 
note that the Scotehply, with an "BE" of approximately 
five million, proved to be much more suitable in this 
particular application than a steel plate of mimilar 
thickness because of the much larger difference between 
the "EB" of the composite structure aw compared with the 
"RE" of the ateel cap, The steel plate picked up much 
more load than was intended because of ites much higher 
modulue and henc@ was incapable of substantial increasen 
in endurance limit; whereas the Scotehply, with a more 
compatible "RB" and with relativeiy high wtrength char 
acteriattos (110,000 pai UTS), proved equal to the 
teak, This structure corresponds to the "original 
configuration" of Figure Il-6, 


D. With the advent of the H-43B with ites accompanying 
higher powers and wider performance envelope, the 
retention area of the blade proved to be critical in 
whear due to vibratory flatwine bending, Apparently 
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Figure 1d-%4, Seotion View of Original Fiberglanny Cheek Plate 


the tenmion and conproumton capaottion of the outermont 
fibors by that time excooded the shear capauition of 
the interpoming spruce and maple, Additional ahoar 
Onpacity waa provided by the incorporation of fibers 
Klane cloth (wet lay-up) chantede on the leading and 
iratiling edge widen of the retention area, bonded to 
the previously developed cap platem of fiberg lane 

Cloth and Soetehply, Thin change resulted dn an endurs 
ance timtt of £ 46,000 tneh= pounds and corresponds to 
the "finnd configuration of Figure PleG, Tt tm inter. 
onting to note that the envelope dimensions of thi 
hevtion are ddentloal to the envelope dimennions of 

the original section aw of 1960, when the endurance 
Limit had been 2 15,000 incohepoundn, 


The general setup of the fatigue fixture and specimon tnatald lax 
tion te ahown in Figurem bleh through dledl, 


The oontrifugal forve wan applied to the specimen by two parale 
led hydraulio cylinders pushing on a movable toad beam, When 
the oontrifugal forge in applied, a ateady bending moment ia 
introduced in the blade due te the "budltein" coning angle of 
the blade yrips, The doad bean da free to move under the 
hydrauljo load application, bul the system ia backed up by an 
wocumulator which eliminates the vibratory centrifugal loads 
Caused by the lengthening and foreshortening of the specimen 
during the bending vibratory Jonding. 


The amount of bending moment Introdueed by the conatriftugal 
load in controlled by # vertioad shear Jond applied at the 
centerline of the rotor hub, The vertical loading tyatem tn 
fmulated from the jig by &@ apring bank, whieh wan deatyned on 
a lever arm pringiple to accommodate large hub mottonw with 
Amadl apring deflections and mtill matotain the nesonmary 
vertical) shear to ensure the steady oonding moment condition, 


The engine torque ie applied to the speciten through a tub 
rotor whatt, whieh @imulaton an fetuad rotor ehatt and hub 
inmtallation, The torque nyatem da a Belfeoontained cable 
and hydraulic untt and im reacted by the contrifugal torve 
londing which caumod the spociinon to ameune & “Tay” blade 
ponttion, 


The vibratory foment im applied an & vibratery vertical shear 
at the hub conterdine and anplified by appromebing the natured 
frequenuy Of the specimen, The vibratory abear loading in 
acconmpliahed by & mechantoal ahaker with & vartablesapood 
drive whit, The shaker in a counterrotating weit sya tem 
which AsMUren & pure Linear motion output of the mhaker, the 
output force varying with rpm, 


40 


The apeoimon, with the proper centrifugal force, ongine torque, 
and mteady bonding moment (monitored at blade btw, UI.0) lowdn 
applied, im excited in flatwite bending by the meohanteal shaker, 
Am ihe specimen approaches tte natural remonkot frequency, the 
nannitude of flatwite bonding te tnerenmed with emall tnere 

nonte Of exolter forge, When the proper vibratory bonding 

womnent te Acquired, the varlabloedrive mynton im locked in 

that powition, A general sehematio drawing showing loads ar 
Applied to the apoctiion is presented in Figure thedb, The 
rooteend alub atrain gaye locations are the mane am for the 
wtatie Cont sepechnon a6 whown do Figure tleb, 


Tomat Procedure; After the blade root enda are instrumented 
And wtatioatly ovalibrated agadoant Known Clatwine bending 
monont, the specimen im inatallod in the fatiyue tomt rig, A 
wpecimen conmiate of a rotor hub, two blade grips, two blade 
root onda, And the necommary lay pine, teeter pin and blade 
bolita to complote the setup. Min setup duplicated oneehalt 
of the H=4UN rotor syntem, 


When the specimen setup ia completed, all the hed wtrasn 

gayow are "nulbled" to an arbitrary atrain indicated value, 

From thin neutral pomition, the centrifugal loading ia applied; 
bul due to tine 40 coning angle of the blade yripa, an autoe 
matic negative bending moment te dotroduced, Thi moment can 
be controlled, aw to tim magnitude, by & vertical ehoar load 
Applied at the centerline of the hub, The magnitude of the 
vertioal shear load da dependent on the demirod mteoady bendtry 
moment required at monitor blade ta, J1.0, 


The engine torque ie then applied to the apecimen through a 
Atub rotor ahatt ait de veacted by the centrifugal force and 
the lead lay angle induced to the apecimen, 


A mot of mtrain vondings’ for all blade atationn were reeordod, 
These atrain readings constituted the steady loads am applied 
lo the spootmen, 


The vibratory condition waa welup by & vartablesdrive ayn ton 

and electric motor, driving &# mechanteal ahaker, The npecte 

en o@ OxGited by the shaker to a greater magnitude of load 

im the ahaker speed approachom natural frequency, Am the tomone 
ant frequency of the speotmen ia being approached, omullloe 
wraphie records are taken to determine the vibratory bending 
nonent levela and shaker UP.M, When the deatred bonding 

womnent Jeyel im achieved, all mtrain gage stations were 

recorded on omedllographio paper and togged, 


Monitoring of the load levelw during the temt wae acconplinhed 
at portodiv totervala utilising an onelliographio recorder, 
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CEN THIPUGAL * C.F, * Aw required by tent concitbona, 


WENDING MOMENT © Myy) ~ Amn required, approximately 
e 44,000 thehepoundea at blade 
ta, W1.0 whth no ry (Vertical) 
adedod, 


WNGHN PORQUE © My ny = 100,000 Inohepounds (mtuady), 


VERTICAL * Fy * Am roquired by tomt conditionn, 
To reduee nogative HLM, dueto 
Co, 


NHAKEM FORCE » * Mn @ An required by teat condi tionn 
to produce neconmary 2 bonding 
nomonth at blade Bla, Wd,0 
(monitor), 
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Niade fhiade 
Hta, W1,0 Nta, 1.0 
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Vigure 46, Fatigue Specthon Load Betup 


Figure Ple6, General Arrangement of Ib and Grip Fatigue 
Jig Viewed from Movable Retention Ena 


Figure tied7, Goneral Arrangement of ub and Grip Fatigue 
Jig Viewed from Fixed hetention Rnd 


Wi 


Figure tleGH4, Gonerad View Uhowlny Contrifugal Force 
Application Load team 


Figure te40, Clonesup of Typical Dade hooteknd and 
Nlade Grip Inatatled into hotor tub 


na 


igure bl-46, Goneral View Showing Mechanical Shaker ena 
Torque Applloation Syatem 


Figure tle4), View Showing Variebrive Syatom ana ita 
Attachmont to Mechanionld thakor 


wh 


Any lond varintion in the apeciinen was trimmed by adjusting 
the variabloesdrive mochanioal shaker system to the deatred 
Luve) 


During the pertod in whieh the following Information wae 
Obtained, G2 blade rooleend specimens were fatigue tomted, 

Hix fablurom occurred which were olasaified ae invalid due 

(O propagation from the outboard centrifugal toad appiteation 
pad aren, ive valid fatlures occurred in the blade grip aren 
four were mumtained at hinh bevel tomting and one at a lower 
level, which wae oclamsmified as a fablure because of Internal 
damage but wan mtill capable of further fatigue tomting, Alt 
Other apectmons either "ran out" at the demived toad level ar 
"outlived" retention motal components, 


The prite fatigue lecation in the rotor blade retention area 
in the blade yrip attwehment bolt holes, the mont oritioad 
being the outboard holew Now, 6 and 7, Blight apanwise 

Gracks manifoat themmelvom in the Heotehply cheek facings, 

The untdirectional Seotehply haw exceptional spanwine atreng th 
propertion and fair chordwine atrength propertion, Previour 
oxpertence han shown that without the Heotehply cheek platen, 
chordwise oracka would re@ault with ultimate fabluren ocourring 
horons the net blade mection, The apanwine cracks in the 
Noutohply have an extremely miow rate of propagation and are 
not considered oritioal, 


Figure tle44 je the developed feN curve remulbting from approxte 
nately Y) separate teats of the rooteond apeciinon, The vibra= 
tory atrona level im in term of bending moment and ia a more 
readtiy usable paraneteor in blade wnalywia, rather than in 
notual stream valuen, The arrow attachments to the symboln, 
repronenting varioun mpecimons, merely indicate that the blade 
wpecinon "ran out" at the given level and/or some other reten= 
tion component tent run with the lewer level moment boing 
charged with the accumulated endurance time; thua, the developed 
Curve th Hoon to be, dn hotuality, quite conservative, 


Figures P1649 through 11-60 give representative typen of 
failures encountered during the fatigue tent program, 


Figures Tle4 and [le44 mhow typical sapanwine cracks in the 
Hootehply facing on upper and lower surfaces, Although thin 
apecimen did not yield and wan capable of nuntaining further 
fatigue tonting, 1t wae cut dnto wogmontm to Inventigate interes 
nal crack propagation within the Jaminated wood core, 


Figure 11-45 whown & damaged specimen whieh had completed 44 x 
10" cyolow of fatigue tomting, whieh tnoluded ,A24 x 100 eyeioen 
at the 2 60,000 inch=pounda bending moment lovel followed by 
1H,116 x rol cyolom at the £40,000 inoh=pounds Jevei, It wan 


nt 


noted that there was extonmive epinwiee cracking at the chord. 
Wiee odyen Of the bolt holes, spanwise elonyation of alt holen 
on the bottom Cheek plate, conmiderable fretting on the top 
cheek plate directly under the outhonrd odpe of the ateol 
blade grip, chordwike cracks propagating from the bottom twe 
outboard holes, and dedanination ef the Fiber lane channel, 
The remarkable neconplishmont achieved here im the faet that 
denphte the severity of damage, thin specimen mtd) madntained 
the capacity for holding reduced lopda, Thin statement, in 
fact, holds for all the apecitiens ehteh wore Clamedittod tn 
valid fabluros © dn no thetance did & wpectinon Huccumb to 
complete fatiure, 


Piguron bJedl and Ple47 ahow slight apanwine cracka on the 
upper Beotehply cheek plate and chordwine comprension orvaohe 
at the outboard two holes on the lowor Neotehply plate, Mik 
damniye wan suntained after 140,000 cyelom at} 


Hlade centrifugal force NH, 000 dba, 

kngine torque 100,000 Anehepounesn 

Nlade ta, UILO bending moment * dH,000 2 GO,000 Inehe 
pounels 


Figuronw bled, bled, and J1-60 are photoyrapha of specimens 
whieh have "run out’ at loud levels greater than high=sapood 
Plight conditions, 


igure Ple4h, Photo No, 2, shows minute apanwiwe aracks on 
wpectmen No, Ub whieh aceumulated 42,400 x 109 cycles, Photo 
No, ¢ shows mimilar indieationn on specimen No, 37 after J0,000 
x 10° cyolea, 


igure tle4d?, photo No, 1, 1a specimen No, UH aftor JO, 00m x 

10" oyolosw, again revealing negligible damage, Figure tle, 
photo NO. 2, and Figure 1-50, photom Now, 1 and 2, are renpege 
tive mectiona of apectmons Now, G1, 37 and (h whowlng Internal 
Ppanwine orncks in the laminated wood core, It in interonting 
tos noto that theme interval cracka were found during dnapection 
Of the bolt holem after 14 to 16 miblion cyalom of tatigue 
tenting, At thi time, epoxy remain wae forced under pronaure 
through the bolt holes and into the cracks, After curing, the 
mpootmons wore returned to the fatigue fixture and the tent 
ronmumed, 


Upon completion of the tent, the specimens were inspected and 
photographed an heen in Fiyuven tie4f and t19)0 and then dite 
Rocted to Inventigate the internal crack propagation, It was 
found that no further propagation occurred beyond the ronin 
filled eracks, 
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lade Root«Knd 8=N Curve 


Vigure ll42, 


Figure P14, Spanwine Cracks tn Upper and lower Grip 
Faoings 
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igure bbeda Hinde Kootebnd Crack Propagatbon 
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Figure lle4f, lade foot-Knd Specimen Damage 
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Figure Ple40, Dlnde oor Bnd Lower turface 
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Figise bled/, lade Hoote kod Upper Surface 
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Figure 
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NWilade 
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Bhd Nphawine Cracks 


Vigure Tl<4%, Niade Noot-Knd Spanwine Cr 


6 


Figure Pt-b0, 


Kpoxy Filled Spanwine Crackn 
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KOTO BLADK TOMSTON AKA 


The tormion aren of the rotor blade te a untque problem 
dowerving Of mpootal evaluation, Due te cyelie blade patton 
change, vibratory whoar atronmen are met up within the apar, 
The ortentation Of there atronmen in both parallel) and pore 
pendioular to the blade spanwine axtn, and they therefore have 
the mine ortentation with reapoot to apar grain direction, 
Under thin Joading, the natural tatlure plane ia parndlel to 
the apar axim, Thin de due to the orthotropic propertion of 
wood, whear atrength belay & mintnum parallel to the yradn, 
Buch orfbokn generally involve ently one or two spar damina for 
WH portion of the thieknonm and are therefore roadily ropairable 
by mtandard methoda, The propagation of such cracks tonda to 
be Jimited because of the strowm gradtents throughout the 
blade, Am w# erach growa dn dopth, tt onters the center of 

the spar where the strain devel is lower: the propagation rate, 
therefore, decronmen, Arm the longth of a ormoh oxtendma, 4t de 
Limited outboard by the veduction in torasonad moment aeeurrdng 
wt the flap and inboard by the reduction tn torsional atradin 
level) due to the foavier blade seetiona, Torsional) crnmeka are 
therefore Jimntted to length and tend to progreme mlowly tn 
depth, Thi him been demonstrated by whirdl testing whieh Kaman 
hae porforned on bladom with eimulated cracks in the tormion 
aroa, hach blade contained wa knife out U/4 theh dn depth rune 
Hing from ita, LOO, to 1Mb, With 70 pereent of full oye tie 
control applind, 100 hours of whirl tomting produced crack 
propagation through the thioknowa of the mpar at two lovntionna, 
but no apan peopaygation wae evident, Phe conditions of tent 
were conmervative in that the vibratory tormtonad moment eon 
finioundy exenedod by approximately FO percent thone meamured 
bh moat devel flight speed and subsequent overspeod tomt, 


Am the Ehight envelope for the MOK, predecesmor Of the ttt, 
oxpanded wod the Operational expertonee widened, it became 
evident that the tormtonal area of the main apar betwoen tia, 
bnehorm HO and LAO would be the next wont troubleonone rey ion 
of the blade from A atruetural point Of View, Npanwite Chooka 
or erhelie occurred dn pone thetinhees Fo the apruce and waple, 
primarily at the Cradding edge of the steel fone cap,  TThene 
were | voven tO be chteed by mineuver blade toralon mnonen ta 
exeoedtiy the vibratory torsional enduranes dimtt of thin area, 
Original conmtruction Of the HOK blade, conmiating of apruce 
Ha maple lamioationm capped with an eronton proteetion of 
UlMet neh AtAtnleonm mteel around the leadtog edge, had an 
endurance bimtt in tornton of gy 1,400 tnhehepounda, (hee 
Figure Pel.) 


A, The firat mtructural doprovement dh thin area, pro} 


duced in Ihd, conmiated of one layer of ylane ototh, 
OMeineh thiokh, wrapped around the apar in the ahape 
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Figure Ide6t, RKvolution of the Use of Fiberylamn in Kanan hotor Wiad 
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of the letter "C", After this adhered te tie wooden 
Apar, the atainlesa stee) jvose cap wae then applied, 
Thi etructure preved te lave a tersienal endurance 
Limit of £ 1,700 intel pounds and was a sivnificant 
improvement over the previous construction, 


bb. The wider flight envelope of tho tied involves greater 
control motions of the retor and, apocifieally, a wider 
Amplitude torsion of the blade than required in HOk 
installations, Hence, an additional atructural improves 
ment program was undertaken in 1050, and resulted in the 
introduction of the glasscloth rointorcement of the 
wooden spar which consisted of GO layers of cloth wrapped 
completely around the wooden apar in the shape ef the 
letter "D" as seen in Figure Il<S1, This reinforcenont 
wae ,0GO#ineh thiek and obviated the necommity of having 
Btainlessa steel ever the glase cloth, Sufficiont ere. 
sion protection te supplied by sprayod vadone rubber, 
The etrovetural torsional endurance linit for this vere 
ion proved to be £ 4,100 ineh=pounde and is currently 
incorporated on all production Hedi!) rotor blades, 
Keferring once more to Figure Il<51, \¢ ie ayain clear 
that with @ modest increase in the total thickness of 
the glaee cloth reinforcement around the periphery of 
the wooden spar, it would be quite possible to then 
consider the wood completely secondary and removable, 
leaving & complete glass cloth "DD" section for the main 
rotor blade spar, This evolvement will subsequently be 
Mh out in the diseussion of the Aalleplasee rotor 

a “, 


Fatigue testing of the torsional ares specimens te accomplished 
on the apparatus seen in Figures Tle5% and L154, 


Test specimens duplicated basic production blade configuration 
between spanwise Sta,e 104,65 and 177,280, except as modified by 
fiberglass reinforcement, 


hach test specimen wae instrumented with strain gages, located 
in such @& manner BO AaB tO measure Lorsional strain spanwise 
distribution, ach spectmen was chen calibrated to obtain the 
relationship between torsional moment and atrain, 


After calibration, the specimen was tostalbled in the exctter 
clamp and supported laterally by a bungee echoed, A slight tore 
sional moment was introduced to locate the torstonal nedo at 
the opposite end of the specimen, With thin point located, the 
specimen was supported At that poiut, The desired moment level 
wie introduced to start the fatigue vin, and the dynamic tore 
mional momenta were checked hourly theouch monitored atrain 


py 


Ovornti 


Ov 


Viey 


Fiwure blebil, View of beelter Attachment 
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CIONOLOGTECAL 


Specimens 

THALOZO00~1 

Spring rate = 1620 ineh/dey. tt, 
*Himilar to K7LIBO8W1, bane blade 


atructure as Hedflh lade from 
Sta, 104,60 to 167,25, Spar 
filock wae made at KAC, 


TRALOZO00@2 

No apring rate determined, 
Similar to K71160861, Same blade 
atructure a6 e430 blade from 
fita, 104,80 to 167,85, Spar 
block was made at KAC, 


TRA LOQZO00065 

NO # Pang rete Ggseyained. 
Nimilar to K71L1608—81, Same blade 
atructure aa Hed Sl blade trom 
Sta, 104,80 to 167,265, Spar 
block wae made at KAC, 


THALOZ000684 

No apring rate determined, 
Similar to K71160%«81, Same blade 
atructure ag Hedilli blade from 
ita, 104,50 to 147.26, spar 
block was made at KAL 


*NOTEH: 


barilia 


-“ 
mion w& 


rie 


BUMMAHY (} 


fable Lbl«A 


PAT VTGUL Pist 


Condi biote 


“HOO inehs pound tore 


WOOO in, fib, 
liending 


NHOO in, 7b, 
Hhending 


uH00 in, /ib, 
Hending 


2400 in, /db, 
hending 


4700 in, /1b, 
Hhending 


sH00 tn, /1b, 
hending 


Llervel db thd 


Toreion 


Torsion 


Toration 


Toraeion 


Torsion 


Torsion 


PING 


No, of Cyelen (10%) 


0064 cyelen when akin 
failed apar was repaired 
& tested further at 
lower level, 


.64 to fallures 


u,4 eyolens to failure, 


Failed Invalid 


4,02 eyeles load tnereased 
to 4 #700 in,/lb, torsion 
& bending, 


4.4 cycles load inoreased 
to J S800 in, /ib, tortion 
& bending, 


.475 to failure, 


K711602<1 refers to predessor production rotor blade am seen in Figure IIeSl, 


fie? 
uy 


fpectmens 


TRMLOZ0006S 
No apring rate determined, 


Table tleA (Cont'd,) 


Loading Condi tions 


Ho00 in, 7b, 
Heond lig 


Fie 


Nimtlar to K7ILHOMeL, Same blade 


etructure ae Hedi blade fro 
ita, 104,50 to 167,46, Spar 
block wae made at KAC, 


TRALOZOO0e6 
No epring rate determined, 


HHOO tn. db, 
Hend ine 


re- 


himilar to K7LLb0Yel, Same blade 
atructure ae Hedill blade from Nita, 
104,50 to 107,86, Spar block was 


made at KAC, 


TRALOZOOU67 
No apring rate determined, 


* 4900 in,/1b, 


fimibar to K711608—81, Same blade £ 42000 in, /ib, 
atructure ae Hedi blade from Hta, 
104,50 to 107,95, Spar block ware 


made at RAG, 


TRALOZOOU68M 
No apring rate determined, 


“poo in, Jib, 
Hending 


res 


fimilar to K7LLBORW1, Same blade 
etructure ae Hedill blade From ta, 
104,50 to 107,85, Spar bloek was 


made at KAC, 


THALOZOO06D 
Spring rate © 1220 1b, tn. /d 


Ons / 


Toraton 


Teratonu 


Toraton 


endive 


Toreion 


No, of Cyolen dio") 


445 = No cracks were 
evident, although teat 
wae atopped because of 
suspected blade failure, 


.26 cyelers, 


JOM cyoles to failure, 


1,05 oyeles to fatlure, 


Could not be determined, Pailed tavalia 


ft, Himtlar to K711b08981, excopt 


that the apar te wrapped wit 
fiberqiage, The leading ody 
the apar has @ GHeply Cibergl 
wrap with no Fiberglass on t 
tratling edge of the apar, 
block wie made at WAC, 


iT 
e af 
ton 
he 
hpar 


Table TbeA (Cont a, ) 


Pi prere: Dimer tyes 


THALOZ000C1), pring rate = 

1740 Mh, du, /dog,. /0t, Mbit 

to K7IIDOMe), exvepl that the 
Apay tm wrapped whith Ebbeary ban, 
The londing edye of the spar tian 
WH Ueply fiber lane wrap with no 
fibeorglann on the teathing eae 
of the mpar, Spar bhowh wie made 
wt KAC, 


TEMIOZ000e10, pring vate = 
1H40 dh, tn. /deog./Ot, Wimidbar 
to K7IIHOde1, exeopt the apar 
wih W Heply fiborg lawn wrap aver 
both the tratling edge and the 
londing otye, Spar blook wat 
made wt KAC, 


TRMLO2O0081E, No aprbng vate 
detorminod, Mimblar to 
K7UIAOd@ 1, except the spar hin 

Ww Geply fiberglane wrap over loth 
the tratding edge and the lLowdbing 
edge, Spar blook wan mvde at KA 


TReMLO200061L I, pring rate 

400 tb, tn, /log, /P tt. Mimblaw te 
K7LINOFe), onoopt that the apap 

how mw Weply fiborg lank wrap over 
(he lending edge ot the apa with 
none On the Crabb bay cage, tpt 
bilook wan made at RAC, 


Lard tty Cond tbc 


Couda not be deter 


mb pred 


Cowdal mead tee che togy 


nhtreod 


/ wood rose dh, 
Men UPhoonel bang 


P Yooo an, /tb, 
Mav [Nerened st cige 


’ 4HOO so,odh, 
Neo Pherenad bevy 


bOvaneh tn, Ih, 
Men Phernveh brag 


' 4000 tn, db, 
Mev Vbeetvel binge 


ore don 


Tovebon 


Tormton 


Toredon 


lore ban 


Ho, of Cyelom CLO") 


Pabled Tnvadbta 


battled tovaboa 


Poe ee ee 


ath Oyu lon 


to oye dan 
OH, vy oem to fib dane 


1,44 to faddues 
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i 
fable 


Npedtmetnn 
= 


TRHIOAVNOVO-= 14, pring rate «© 
1490 Jb, in, /deog,/ft, wimtlar 
tO K7ILIOOde 1, except that the 
ApAY haw w® JOeply fiborg lane 
wrap over (the loading edge of 
the apar with none on the tratle 
fig odge, Spar block wan made 
wt KAC, 


TROLOZNO2=1, fipring rate 
1H00 Jb, tn. /deg,/ft, Ohmtlar 
to TEMLOQZ0002 10 and e128, Spar 
block wan made at KAC 


TRHLOANOA-D, tipring rate « 

1102 db, tn, /deog,/tt, Simblar 
to THHLOQOOO$) through @W except 
the apar im bare and doer® not 
have the mtainlona mteel and 
mivie No, IM) fFibserglann lamt~ 
nated oloth over the bonding 
edge, par block whe made at 
KAC, 


TRALOQHOZ-7 B/Mel, Spring vate 
=~ 1400 Ub, to, /dey./ft, Uimtlar 
to TRALOQ0O006) through = except 
the spar haw a deply fiber liar 
wrap over the lending edge, and 
A beply fiberglane wrap over the 
tratling edge, Spar block wan 
made at KAC, 


Il=A (Cont'd, ) 


landing Condt t1onn 


x 


WOOO tn,./db, Torston 
No Nending 


2000 tin, /lb, Toreton 
NO bend bing 


2000 Jb, /in, Torsnton 
No Henddny 


2040 Ub. /in, Teradvon 
Nav Phernned brnge 


No, of Cyolen (104) 


WO to failure 


1.4 to faliure 


J1D to fatlure 


f§,l to fatlure 


Sot 


Table Ima (Cont'd) 


hpecimens 


TRNLOZNOZe7 B/New, Spring rate 
~ 1600 tb, in, /deg,/ft, Similar 
to TRALOZO006) through «& except 
the soar hae @ Seply fiberqlase 
wrap over the leading edge, and 
& Geply fiberglass wrap over the 
trailing edge, Spar blook wae 
Wade abl KAC, 


TRMLOZNOR@7 b/Ned, Spring rate 
~ 16800 ib, in, /deg./ft, Similar 
to TEALOZO0O0e6L through «ff except 
the separ hae @ deeply fiberglass 
wrap over the leading edge, and 
& Oeply fiberglass wrap over the 
trailing edwe, Spar block was 
made at KAC, 


TRALOZNOZ@f, Spring rate * 

1162 tb, in, /degw,./ft, Similar 
to TRHLOZ0006) through «& except 
the spar te bare and does not 
have the atainless ateel and 
atyle No, LAL fiberglage lamie 
hated cloth over the leading 
edae, hpar block was made at 
KAC, 


TRANLOZHORe7 N/Nel, Spring rate 
# 1400 1b, tn,/deg./ft, Similar 
to TRHLOZOUOeL through «ff except 
the spar hae a teply fiberglass 
wrap over the leading edge, and 
A Heply fiberglass wrap over the 
trailing edge, Spar block war 
made AL KAC, 


Loading Conds thons 


' 


ie 


ti- 


2440 Ib, /in, Torsion 
No Hending 


Yad bb, /in Torsion 
No bending 


4400 Lb, /in, Toraion 


¥O40 lb, /in, Torsion 
No Hending 


No, of Cyelom (10%) 
l4d,4 to failure 


ls. to fatlure 


.16 to fatlure 


f,1 to failure 


Eat 


- 


Table IleA  (Cont'd,) 
Hpectnens Loading Conditions No, of Cyoles (io) 


TRALOUHOYe7 B/Ne®, Spring rate £ 9n40 lb, /in, Torsion 14,4 to fatlure 
~ 1600 Ih, in,/deg,/ft, Gimblar » No lending 

to ThALOBOO0eL through #4 except 

the spar has a eply fiberglase 

wrap over the leading edge, and 

& Geply Liberglass wrap over the 

trailing edge, Opar biock was 

made at KRAC, 


THALOUNOYR7 S/Ned, Sprita rate ! gh40 1b, /in, Torsion 14,9 to failure 
* 1600 tb, in,/deg,./ft, Similar ~ No bending 

to TEALOZO00RL through «ef except 

the eapar hae a Ueply fiberglass 

wrap over the leading edge, and 

A tHeply fiberglass wrap over the 

trailing edge, Spar bleck was 

made at KAC, 


THALOYNONe7 B/Ned, Spring vate £ 9N40 in, /ib, Torsion 6,470 to fatlure 
~ 1400 Lh, in, ‘deg, /ft, Similar  » No Hending 

to TRALOBOOO68L through «4% except 

ihe epar has @ eply fiberglass 

wrap over the leading edge, and 

a Heply fiberdtlass wrap over the 

trabling edve, Spar block was 

made at KA, 


ThHLOWMOEet, Spring rate £9600 in,/lb, Torsion 2,5 te fatlure 
1000 lh, in, /dew,/ft, Similar ~ No Hending 
to TRALOZOUOeL through «4 except 

the spar hae « Geply fiberglass 

wrap over the leading edge, and 

& lWeply fiberglasea wrap over the 

trailing edge with @ ,4b8ineh 

heotehply pad in the underside of 

the spar section from Sta, 104,68 

to Sta, 186, Spar bleck waa made 

at KAC, 


eo 


Table [peoA 


Hpeo tmernn 


TRBLOZNOYe LL &/Nel, Spring rate 
=- 1WH0 Ib, In, /deg,/ft., timilar 
to TRALOZNOZ>e with theo followtng 
exception, There are no Beatebhe 
ply inserts under the fibery lame 
wrap. Spar block wan made at 
KAC, 


TRMLOQNO2=I1 B/Ned, Spring rate 
# 1HH60 Ib, tn, /deog,/ft, Stmtlar 
to TRHLOZNOZ-) with the Foblowsng 
exception, There are no heoteh= 
ply Jnmertea under the fiberylann 
wrap, Spar black wan made alt 
KAC, 


TRHOALOQZNOReL M/Ned, Spring rate 
- 1000 Ib, du,/deg ,/fl, Similar 
to TRALORZNOZ=11, On theme mpeoct 
mona the Geply fiberg lane “Db” 
wrap over the leading cadge win 
applied to the wooden spar ino two 
Htepm of deply emeh, pie Winn 
made at KAC, 


THMLOZMOBZe LA N/Ne 2, Spring rate 
~ 1620 Jb, in. /dog, /tt, stmidag 
to TRALOANOZ-11, On theme apoct 
mena the Geply Ciborg dinm Dp" 
wrap over the loading edge wim 
applied to the wooden mpar tn two 
Htepma of Geply eaoh, Spar win 
made at KAC, 


(Cont'd, ) 
Londing Condt ttonnm 


' 9p00 ta./tb, Toraton 


@= No Pope Hp 


’ ospod in, /ib, Toratdon 
No Nene tiny 


Y 3600 an,/tb, 
= No Nond ding 


formion 


PoNDOO tn. 7th, Torsion 


NO Dene bing 


No, of Cyolon (108) 


1,04 to fablure 


H,72 to fatlure 


1,15 to fatlure 


JOM to fad dure 


60T 


Table IleA  (Cont'd,) 
loading Conditions 


Specimens 


TRHLOZKOLZ@15, Spring rate * 

2040 ib, in, /deg,/ft, Standard 
apar block grain laminations with 
,O80 thickness Seotehply atrips 
added to top and bottom surfaces 
of the besic wooden epar, subse} 
quently wrapped with @ Geply 
leading edge, and a lOeply traile 
ing edge fiborglase wrap, Spar 
block was made by Pratteleed, 


TRMLOZHOY@ 17, Spring rate 

4000 th, in, /deg,/ft, Torsion 
Bpecinen lncorporating selected 
apruce grain laminae « Geply 
leading edge, and lWeply tratling 
edge fiberglase wrap, Upar block 
wan made at KAC, 


THHLOZHOL@ 10, Spring rate * 

2000 ib, in, /deg,/f{t, Three 
horigontal cute made through 

whe spar tneorporating one layer 
of No, IAL tiberglage cloth sand- 
Wiched between each cut «= same 
fiberglass wrap as for «17, Spar 
block wae made at KAC using 
Belected grain principal, 


TRHLOZROL eo), Spring rate « 
2200 ib, in, /dew,/ft, Similar to 
TRALOZKHOZ 11, but has ,OlLS=ineh 
thick Seotehply strips running 
full length of the specimen on 
top and bettom, 


' 


- 


- 


S800 in, /lb, Doreston 
No Hending 


500 in, /1lb, Tersion 
No Hending 


NH00 in, /lb, Torsion 
No lending 


4500 in, /1lb, Torsion 
No Hending 


No, of Cyolen (10%) 
4,6 to failure 


5.0 to failure 


24,05 to failure 


10,5 to failure 


Olt 


Table ILA 


Specimens 


THALOZHOZ9-25, Spring rate 

1900 lb, in,/dey,./ft, Bimblar to 
THALOZHOZ@10, but bas only two 
horivontal cute, Spar block waa 
made at Prattelleed, 


TEMLOZNOZ@ 25, Spring vate @ 

110 Ib, in, /dey,/ft, Similar to 
THALOZNHOZ@ 10, bul spar block was 
made at Prattelhoed, 


THHLOZNO2@27, Spring rate = 
4ON0 Lb, tn, /dey,/ft, Combinae 
tien of THALOZMOZe2L and «25, 


hpar block was made at Pratte heed, 


THMLOZHOZ@20 S/Nel, Spring rate 
=~ 1740 1b, tn,./deg./ft, Three 
horivontal cute, No, LAL eloth 
sandwiched between each aut, 
staggered wlue lines with five 
wrap fiberglass on Lb, and ten 
wrap on TK, 


TRALOZHOR@ 20 S/N@”a, Spring vate 
~ 1HOO lb, in, /deg,/ft, Same 
configuration as «20 S8/Nel, 


TRALOZHO2@20 U/Ned, Spring rate 
~ 1H20 lb, in, /deg./ft, Same 
oonfiguration an «20 E/Nel, 


TRALOGHOY@11 S/Ned, Spring rate 
~ 1780 lb, in, /deg,/ft, Same 
configuration as «1ll N/Nel, 


(Conttda,) 


Loading Conditions 


' 


+ 


W500 tn, /1b, 
No Hending 


u500 in, /1b, 
No Hending 


NH00 in, /ib, 


J140 to, /db, 


U140 in, /db, 


H1d0 On, db, 


2420 in, /\b, 


Torsion 


Torsion 


Torsion 


Torsion 


Toraton 


Torsion 


Torsion 


No, of Cyeles (10%) 


4,22 to failure 


4,00 to failure 


6,06 to failure 


N.47 to failure 


0,40 to fatlure 


1,660 to fallure 


Failed Invalidly 


pod metre 


TEMIO@NOQe 11 H/Ned, Bpriog rate 
* WSO th, tn, /deoyw. /ft. ame 
configuration am ell W/Nel, 


TRMLOANOBe D1 NW Nef, Spring rate 
= hob tbh, tn,/deoy,./ft, Same 
configuration am ell %/Nel, 


THMLORMOGe 7 N/Ned, Spring rate 
“1hhb Jb, tn. /doy./ft. ame 
Contipurcation an @7 h/Ned, 


a id 
eae 


Table IleA 


(Cont'd, ) 
Landing Conditions 
{£2100 in,/lb, Ternion 


£3670 tn,/lb, Toraton 


’ 9090 in,/ib, Torsion 


No, of Cyoleon (10") 


JO,0 No Failure 


NO,0 © No Fadduere 


HO,0 = No PFatlure 


Kaen, Frequency adjustments were made ae required for opti- 
mum tundoe, 


railures oceurred in the spar near the center of te apan and 
were HOt Visible until propayation had reached the fiberglass, 
At no tine had the primary origin been determined to be in the 
fiberlyane, The resonant frequency and external force were 
therefore used to detect a failure; the resonant frequency 
would decrease and the external force required to maintain the 
load level would increase in the event of failure, 


As previously stated, spanwise cracks occurred in the laminated 
wood spar, and tt wae felt that by reinforcing the periphery 
with Klass structure, support would be given the outermoat wood 
fibers to veaiat the torsional shear forces, 


Table TleA i# & chronological summary of this fatigue testing, 
atarting with the basic blade structure with no fiberglass 
modifications (similar to Figure tle51) and continuing through 
the various combinations of fiberglass buildeup over the lead« 
ing and tratling edges of the blade spar, Ultimately it in 
shown that an optinam configuration is obtained with a Geineh 
to LOmineh layeup, which signifies that 6 plies of No, LHL cloth 
Are wrapped over the leading edge or "C"eshaped portion of the 
"D'eshaped apar, and 10 plies of No, 1H4L cloth close the "C" te 
complete the "D" structure, The wood apar im, of course, 
routed down proportionately so that with the qglase buildeup, 
the Outeide alrfoll coordinates are maintained, Phyeteally, 
the trailing edge fiberglass in in the form of a channel, 
enclosed by the leading edge "C" wrap, Jt te mignificant to 
Mention that the spring rates of the fiberglass wrapped and 

the previous unwrapped blade are comparable, thus ensuring the 
name order of Loading magnitude for a given flight condition, 
While at the same time more than doubling the blade life 
between Overhaul periods, 


Original testing of the blade torsional area wan to improve 
the spar from ite sunceplibllity to spanwine cracking, Am 
noted in Table Ile, the testing firat eaployed combined load 
ing Of torsional and flatwise bending moments but later excited 


the apecinen inh torsion only, hhis wae done beonuse ex«pertonce 
had shown that flatwipe bending had Little etfect upon the span 
Wike whear CAD Lies in the wpa et tntnpered apar testing b 
CAUBLOgE ALL wetructure (kin) fabllures tn the form of horidwise 
eCraekt it Must be feted that quargty Plywood used for 

b bide ‘hittes wie not plentiful; therefore, in torsionb! aren 
tempting for spar improvement, inferior ‘rhe olywood was tised 


for afl mtructure, thus explaining the askin fallures in the 
Previous Heltence, 
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Figure bbeiad Pom t thetup for Steady Plum Vibratory 
Vlatwime HWeuddan 


The above explanation of availability of quality plywood must 
be carried further, In general, Little trouble was encountered 
with skine in service use; however, despite rigid quality con. 
trol inspection, occasional skin fatlures did occur “in the 
field", Indications were that the cracks atarted near the for« 
ward edge of the akin and propagated rapidly to the trailing 
edge of the blade in the bottom skin only, At this point the 
erack stopped and was discovered; or paused and propagated 
slowly through the trailing edge and then rapidly through the 
complete chordwise extent of the top ekin, at whieh time the 
Pilot was able to feel control changes and/or visually observe 
the disturbance in the blur of the whirling blades, 


Failures were judged to be fatigue, although the development 
was known to be rapid, In every case the fatlure origin was 
located in @ region of “shortegrain” plywood, 


Assessment of all the evidenee concluded that initial failure 
wae incurred on the ground elther during tleedown of the helie 
Copter or during inadequate tieedown in high winds, and subse} 
quently propagated in flight, In order to reduce dependence 
upon the properties of wood and to increase the probability 
avainet failure, & tost program was entered to evaluate ply- 
wood skin reinforcement with fiberglass, The test apparatus 
used isn shown in Figure IleS4, 


To duplicate this low cycle type failure as it occurred in the 
field, & high steady flatwise bending (to simulate atatic 
droop) with @ high superimposed vibratory bending moment (to 
Himulate heavy wind gusts) was proposed, After several trials, 
it was found that @ loading of « 7500 * 9000 in,wlb, flatwine 
bending moment resulted in simulating the actual failures, 
Various akin reinforcement configurations were then subjected 
to this loading for evaluation, Table Lieii and Figure L155 
offers & condensed tabulation and plot of the results, 


In conjunetion with the above teat, slight modifications were 
tneorporated in the blade to reduce the droop loading, This 
included, am noted in the test tabulation, a thin "“Seotehply” 
Plank formed into the lower spar surface, and maple atringers 
which were inset into notehem cut into the rib flanges, Hoth 
Plank and atringers were tapered so ae to distribute atiffnens 
rationally, 


It wan found in the course of the development program that 
the application of fiberglans had substantial effects upen 
resulta, As finally developed, this process involves a hiuhe 
pressure cure of @ single ply of Type 120 ylase cloth applied 
to both aides of the ,O70@inchethick plywood bottom skin and 
the top side only of the ,O7O@lnichethick plywood top akin 
with an epoxy resin used as an impregnant, Retoforcement 
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W868, 000 
07,400 
1h, 100 
10,000 

vib, 000 
70,800 
6, 500 

1,000 
4,000 
hb, 400 

¥bo, 000 
27,800 
iv, 100 
11,000 
140,000 

NOL, 000 
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Jib, O00 
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No Failure 
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wae applied to the top akin a8 Insurance that solving of the 
bottom akin problem would not, at some later date and after 
#reater exposure to service usave, cause the top akin to 
become oritical, 


Hpecimens of the “old” configuration subjected to this ton t 
exhibited faitlure after as Little as 2400 cycles at 7500 — 
H000 in,ewlb, bending, The relative life of the "old" design 
Ae compared to the final developed configuration is depleted 
in & longelifeeprobability plot in Figure Tle56, Here it ta 
Clearly aeen that the crack resistance of the skin has been 
substantially improved, particularly at low probability of 
failure, Am an example, at a failure rate of 1 part in 100, 
the life of the improved blade is 270 times that of the 
Original confivuration, 


118 


NECTION TTI 


Abb PER RHOLADS =P INFORCED PLA TEC HAD) DEVIELOPMILNT 
HACKUROUND 


Am provioumty mtated, ab) hobbeoptens produced by Kaman have 
unod olmmtie miructuron an primary loadecarrying mombernm in 
the morvoeflap controlled rotor, The baste wood mtrue tures 
Originally used hte been dmproved and han eraduaddy beon 
replaced by directed ylame Clborm in the more eritieally 
atronmod blRKde vronm, Koforring aghin to Figure Tle, Ot Im 
Obvious that the oximtence of the apruce a maple sn the 
latomt mection now merven as a ftller between the variourm 
Klane fitter olements and doom not nerve any primary mtruc 
tural purpome, Almo with reference to Figure tiled, Jt appearn 
choar that with w modest tnereame to ylann cloth reinforcement 
around the pertphery of the wooden spar, It would then be poe 
mible to consider the wood secondary and removable, leaving & 
complete glans cloth "D" meetion for the outboard portion af 
the main rotor blade apar, Tt tm then logteally coneludod 
that tt would be quite pomatble to romove all the wood, 
leaving only the primary load-carrying ttructure, namely, 

the glans cloth and untdtrectional glamn fiber atructure for 
the entire wpar, 


The deslgo parameters involved in developing theme helteopter 
bladom within the very rentricted wolyht limith are quite 
onerous: for tomtance, the contrifugpal foree at the root ond 
of our blades im of the order of 0,000 pounds and munt be 
combined with vibratory bonding moments of the ordor of 

$ 20,000-ineh pounds for normal flight and up to 2 46,000 
fheh-poundsm for mhort manouvern, 


Tormional loading of the order of ! 9,000 inehspounds can be 
sonerated in the twimting part of the blade, and all thome 
vibratorion are continuounly applied at a frequency betwoon 
220 to 200 cyclen por minute am part Of the normal flight 


behavior of the alreraft, 


The curreat doatgn requirements entablieh 2,000 flight hourn, 
or in other camonm full endurance to 40,000,000 cyclen, for the 
moving parte of a helicopter, 


In the early mtayon of the blade developmont, expertmontal 
fabricating operations were umed, Am the tochnology wan 
adoptod and developed, bettor oquipmont whe obtained, much at 
a heatecontrolled oven of a waive bly onough to handle large 
unite, and the ume of many plastic and motal tooling dev toon 
wih introduced and manteored to augment the original wood 


tooling capability, 


may 


As noon am & jeometrically and atrueturally acceptable blade 
whe produced, the a@erodynamic and dynamic problema inherent in 
any new helicopter rotor blade domign had to be solved by a nunme 
ber of rune on test rigs, vibration response studies, and the 
Attending changes in local atifffness and weight manayement that 
eould be found only be detatlod tomting, 


At this point some of the attractive properties of the fiber 
Klasse material came to the fore, On many occanions the existe 
ing atructure had to be cut into to make subtle changes, and 
the repaire could be remtored to the atrengt) and endurance of 
the whole asmembly by judicious vee of searfing and joining 
Without loming the integrity of the fiseal product, 


While it may sound aa if the pwoal had been reached at thit 
point, actually the test seetionn had to take over at thin 
point and run endurance tests for the blades by accumulating 
hundreds Of hours of continuoun rubbing under high atecens and 
broad control inputs on one or more of the test rigs to prove 
that changes would not oecur in behavior through extensive 
Wee and that the fatigue romiatance surmised from individual 
component tents wan actually present in the completed blader, 


In addition to the ground testing, @ limited program of flight 

tenting wae conducted with these blades inatalled on the milie 

tary helicopters operating from the manufacturer's plant, Oute 
Atanding sUucCOms wam Aachteved, 


To prove satisfactory structural eriteria, very exhaustive 
tomte mint be conducted, especially since the helicopter tr 
Gesipnned by tatigue endurance vequirements rather than atatic 
atrength, 


In many Casen the atress analysis that can be achieved ins an 
idealization of the actual phenomena and ism used to determine 
th signposte for setting up “component oriented” rather than 
"muterital oriented” teata, 


Thin ie the main reason why actual material atrength or endure 
ance data have not been published, while atatementa can be made 
precisely on the differential of behavior between design solu. 
tions achieved with different materials for the same component, 


An a wood example of this situation is ahawn in Table Il1leC 
and Figure Il1l<S5, where some of the developments discussed 
in chis section are summarived, 


The bending stresses corresy onding to the most advanced of the 


teste reported above are entimated at 2,000 pai mtoady plum or 
minute 4,750 pei vibratory with a correction for fastening 
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Figure tiled, Spar Tip SBectiaon 
Hawdie mper matertal wae Type l4 gles cloth whith the bated 
mom dt wach ube ring t pode belag TYpe Ta) wlane cloth, An 
epoxy Pontdn ayntem wie umed dn Che wet layesup operation, 
Phe Denwding edpe oof the mpar wan formed over a mabe mold in 
itm entire Pony th The fratbing edge of the apar wan formed 
bh two mee thot the Pnboard Cthiek) end, and the outboard 
“eC loming channed', Phe curve! parte were then mated with the 
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Oripinad Fiber, hit i ) hnd Cons tru 


Pipure Tlbed. Rvolution of the Une of Fiberyg la In Kaman 
Hotor Hlades 


Fivpure P)l-4, Original Fiberydla Wdivches Compo dart one 


the doboard mectlonum bethy bonded with w rabbeted jotot, the 
Cloming channed, overlapped by the inbowrd trailing edye oute 
board ond, completed the clomin. of the mpar leading eage "Ee" 
nection to form the “D’ @ection, Phenolte mpools TA tnethes tn 
diameter were bonded tite the root end to form bacheup mpaecers 
for the relentten bolts, 


The phenolbe and beotehply cheek platen were added along with 
lemeoe tion rhbe formed am back-toeback cChathedm ot Pypoe dad 
Klamm cloth, A Scotehply apline spliced into a Type Lal plane 
eloch tapered baboarad ehanned formed Che trad bbe culpa m trae 
ture, wnd uw deeply akin of Type Th) 150O glans cloth completed 
the Dbamdie blade mtructure (mee Figuren Plbed, Tbl=d, wod tll4), 


Thim very flrat effort in fabricating an alleylaunm Dbade wie 
hot only @enthettently appealing but with attached flap, con 
trols, hardware, and calculated mann balance weiyeht addi ttornn, 
exhibited outmtanding properties from preddmiowry mtatbe temty, 


hneourayged by the romulte, Kaman commenced a merten of whird 
tomtm umdtng the wbleylamm blade patred with a standard wood 
bodice, Indtiand rune dnddeated the need for improved pitel 
stabblity, whieh was obtained by a nlivght wotght addition in 
the leading cdyge to move the chordwine center-ofegravity fore 
ward, Thin wan cantly accomplished by removing the 4-ply out 
board leading edge balance weight cover CFigure Pble dl), bonding 
In the requived weight, and repdlaciog the 4 plies Of a lan 
Cloth dn a mimple wet dayeup, Changes in blade tormional 

wOif fnew wore gleo found lo be necemmary, Thin, too, wan 
eHmily rectified by mimply acdting 2 pliem of Type IML gy linn 
Cloth around the blade between Sta, dO and TO, Obviounm here 
in the proat adaptability of fiboeryglammeretnforeed plamtiow ta 
be reworked or modifboad without affecting adjacent aren, Toa 
Plagdarize from ® manufacturer's publleawtion, Ft te no camy to 
“put the mtreongth and mtif —_ oenmn where you need ts, Lt mim t 
be omphanized in thim re ard, however, (hat prerequisites for 
thim type cof rework andsor modification are proper surfhee pros 
paration and contaninat fonefree environment, Much bwek of con 
fidence in the woo Of ploamnm mtructurom mtom from fadlurea 
whieh can be attributed to the aforementioned prerequlatltem an 
well am demtign Inexpertonce, 


Following the previously mentloned modiftcationn, the ylaan- 
fiber glade wae inetallbed on a 1,000 HP electrically powered 
whit) rig, where the blade smtrongth and mtabllity permitted 
exploration of the complete thrust range from 4 yw lo on gw wt 
240 to S30 RPM, Onetllograph data showed the foathertoy ata 
bility, bonding moments, and tornton moments to be equivalent 
to thome of the mtandard blade, 
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The corporate tnventment of thin development proved mo frubt 
ful that Kaman sponsored further work dn glameeblade remearey, 
fabrication of # matched pair of bladem capable of wetuad 
flight triadm wim the neat endeavor, The masse baldanee toaforma 
tion from the first blade wham “cranked doo, the elamtre bates 
Hd jum tment wan nade 65 the form of a motad modihieation to wive 
womore gpradugé (r&aanmttlon io the spar tormion wrea, and the 
lype 2d glanm cioth tno the spar wan replaced with § be 
oriented Seatebply, The manufacturer oupplbed the Seotehply 
In @eply rolls, whteh @tbded conmiderably on the handling of 
the material by the mutual Crome mupport of one ply to the 
other, 


When the fabrteation, webyht and balance, tormional proportion, 
ete,, were completed, the two bladem were whit) tented to nub. 
mtantiate their metructural and dynamibe mtability prior to 
initial flight triadm, fomt rutm were conducted abt rotor 
apeedm Of 240, 200, and 2H0 MPM, At efeh Of theme mpeodm, the 
bladeonm vere amubpsectod to ly, 2 4, and minimum power loadtoyn, 
Cyelie control tapute up to ! 450 were apphicd at J yo thrumt, 
Inducing A mMAaAXimunm tormional moment of * 2,400 Jn,elbom, at ota, 
Pua, Throughout the entire range of KPM and power, biads 
mtabiblbity and track were found to be native factory, Five 

hours Of operation were accumulated with no detertoration af 
track Or mtabblity obmorved, Figure Peo mhown theo yt linen 
bladem tantalled for whirl tomting, Fiypure Pbbew th an tite 
cmting mtudy of the tranmlucent structure Of the bDhades thas 
charnacteriatioc has become an add tn the dompec tsa cl madi 
quent Area tont mpectmonm, where, by normal viewhay or by 
Viewloy wlth @ light Crom the Oppomdite mide of the blade, cat 
tain flaws tn bonding, remin dry aream, camt resin pockets 
ete.,, ean be ancorlainegd, 


After completion of the above whith teomttoag, the Dladem were 
installod on an atreraft for tostlad Flight tertade, The ylivms 
fiber bladen were mounted on the left-hand rotor head, while a 
padroof standard wood blades warm mounted on the rightetiated me bate 
Of the fatermenhing helteopter, The program cOonminted of a 
Kround run-up end Flight evaiuation from hover into transla 
tionw) Jif t to a forward veloctty of approximately lO knote, 
No quantitative datnh were obtained during thin evaluation, 

In poneral, the bDladem performed well aecording to pilot 
reportm; the only different charactertatie from the standard 
rotor wan the thereaned meonmitivity of the ylanmm Bladem to con 
trol movementn. 


Followtny the fiight ¢rialna, the bladem were ayadn tontalled 
On the whtrl tent miand, where they were muccommfully operated 
for JS) hours Jn an endurance test program, During thin operae 
tion, the bladen were rub at @ tormtonal moment of | 4,400 4n, 
lb. Ctwlee the VWN-44u high-apeed level fhight condition of 
£11,750 in,-tba.)., 
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Figure Tdt=e6, Fiber dann Nlade Whied Tomt Mi 


Figure tite6, Tranmalucent Structure of Fiberg lane Mhace 
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him canaygoment, foeollog the great petential of theae blades, 
wpain authorized corporate funds to build @ complete mhip net 

Of bladem Clwo deb tehand and two rightehand Blades), The 
bDiades fabrichted were the same am the previous patie with one 
exception; the modiflention of the top and bottom akin ta 
ihelude "bubitein’ atringerm an shotehed tn Figure dle, 
Hockune of the Jow modulus of the fibeorglanmeretnforced plaatic, 
the atringertea of for atlifnome to overcone the atatbe droop 
tendency, 


wil ss Outeide wmhin (leply) 


jnmide mkhin Cleply) 


"x f" collular celindoae avetate (CCA) 


igure Pte’, Fibeormgdune lade thin Conmtruction 


The completed ehip eet of bladem ie mhown in Fiyurom Pbhiet, 
Pde, and Tht IO, where the atringersa are clearly vieiblo, 


Prior to flight teat trinde, & prefbight whirl tent warm cone 
ducted te check estructural titegrity and to ostabdint the 
flutter clearanee Jimit, A total of four howrm wan run with 
no the labilbity or wbruetural defteteneton ooeurring, Nhe 
blades were then bnatabled on & RlbeAIN helteopter for fhaghs 
oVitubtionnm (Piguren bbe and Sted), 


Due to the taereamed ntifffones caused by the atringor modifts 
ration, ® reduetton do eyedie controllabtiltty war noted during 
lhe early stayen Of the OClight program, After Completion of 
the Plight program, the bltden were reworked by removing (wo 
plies Of matertad from the torelonal moction of the apar, 
theme wore reflown @t the GO, LO0e pound welght condition, This 
eyelie menmbtivity wan thon ahown to be oquivatdent to prods 
tion wood blader 
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ENE THUM BNTATION : 
Stross and wotion pargwetern were pecorded an follownm: 


W) Plade Station 4 tlatwitne bending moment 
Db) Whade Station G1 flatwine bending monont 
ec) lade tation 40 flhatwithe bonding momont 
4) Hinde Station HO flatwine bonding moment 
©) Hlhdo Station LAM toraton moment 

1) Flap centerdine bending moment 

w) Collective vantrol atiok pomitioa.: 

nh) Fore and aft eyelse contro) stiek powttion 
1) twooral cyedte control stick pomition 

j) udder pedal powttion 

KW) Pilot eeat vertical wecoloration 

1) Phipta C0, vertical) acceleration (load faetor) 


ThAT RESULTS 


Nifttetoen flights were made with the glanmeftiber Db ade: this 
iorward apeed envelope of the hedlooptor wan oxplored from hovet 
{oO 107 Knota, maneuvering CLAQht wae performed from OO, go to 
2.0 4 load faetorn, powereoff autoratationn were mde up to 100 
knote, full daterad control mideward flight maneuvers wore made 
up to about 26 khota, Nighepower clitbe and elinbing turnoe were 
done At WO knota, Three grommewely il conditionm were flown i) 
low woight, forward €,G, eondi tion, a nomad weight, aft CG, 
eondition; and an overload welyht, aft © .0, eondition, 


No atructural detertoration problemen were encountered ducking 
the entire flight program of the glaemetiber bladem, nor wore 
there any unfavorable dynamic mtability charaetorintios noted, 


The monmured maximum vibratory toreton monente at blade htation 
L240 were well below the loved at whieh fatigue runout occurred 
On (ont Bpeciinons and the devel wat which muatained whith tomte 
ini wae previously demonstrated on & yround temt rig The 
Mmohmured root vibratory bending monente at tation U1 are alnoe 
woll below domonatrated fati_ue strength capabidt tien, 


The blades appeared (oO behave in generadly the mame way fp 
Atandard wooden bladom with the exscoplionn of the groater blade 
Atrotch due to conterifugal force and the higher tormtonad atift.- 
Hhomm that required more sorvoert lap control) dapat, Compenmatton 
for blade atreteh wan made by the eddition of an antadldy floxible 
contro) rod tnatabled in the nonvotating collective control 
Aymtom of onoh rotor, whleh provided additional spanwithe motion 
Of the blade control rod, The eflectivenonm of this modi tiene 
tion of be neon tn Figure Thiell 
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Figure dite, Fiberglann Hladem with Stringern Visible 
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Figure Td1-0, Fiborglane {ladem (with Stringers) Mounted on 
Jot Powered (M40 Holloopter 
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Figure Il}-10, Fiberglasa NWladem (with Stringers) Inatalled o 
NWolioopter for Flight Toat Kvaluation 


Va 


Standard production wooden blades have & torsional apring rate 
of 24S « JOD inehepounda/degree, while the prototype «lana. 
fiber blades had @& aepring rate of (065 « SAO Lioh pounda/degree 
during the firet part of thie flight propram, The added tore 
sional atiffnese made it necessary to apply more collective 
flap to produce the same thrust at @ given rotor apeed and 
more eyolie flap to produce the same control moment at a given 
rotor apeed, Thies alight reduction tn controllability wae cor. 
rected by the reworking done on the prototype wlaseefiber 
blades, which reduced their torsional atiffnoem to N0d «= Ula 
inohepounda/degree, lHelloopter reeponme to control taput 
after the working wae judged by the pllot to be ase rapid ap 
with standard wooden blades, A atandard Hiledilt will normally 
Attain 26 « ZA knote sideward flight oft full Lateral control; 
the glaee bladen were Limited to IM « YO knote before working 
and reached 2a = 2S knote after reworkton, RPubbepodal and 
partialepedal hoverdny turns showed that the plane bliden have 
murfictent control power to meet the directional requirementm 
net forth to MibeW W601 (General Hequirements for Helicopter 
Flyiog and Ground Handding Qualition), 


A reduction in vibratory flap bending momente and vibratory 
blade Station JAH torsion moments win timo realived by the 
reworking to lower torsional atiffnonn, bochume lone eyedbe 
flap deflection wan required to provide the mame rotor ronponne, 
The vibratory root bending moments at tation Wl wore not mi_nde 
fivcantly ohanged by the mtiffinoma change and are within the 
range of current wooden blade data, 


The oomparinon of vibratory donde tllusteated to Figure thhe aa 
and Lbbe26 jm nomnewhat deceptive, boottime the tomt helbeopter 
uned for the atandard blade comparinon wan not equipped with 
the more recent 60° engine tabipipe that reduced the amount 

Of Jongitudinal trim required in forward flight. A baete for 
compariaon van be Obtained by noting do Fiyure PhbeAl that the 
vibratory blade root bending moments at tation dG) wre reduced 
NO% at 100 knote by the addition of the G0° tattpipe and that 
the vibratory Clap loads and blade tormionn: moments would fole 
low thin reduction, Application of thie cerrection to data in 
Figures Ubbe2) and Tita shows that the vibratory loads for 
the glanmefiber bladow are about the mame we for the production 
wooden blader, 


It im important to note that the fatigue tife of the prototype 
Kianwe fiber bladem te about three timeom that of produ tion 
wooden blades at the same torasonal moment levels, banmed on 
fatigue tonte conducted by the contractor on tormion aren 
epectmons, The plasm blade configuration “after rework” core 
ronpondm to the tormton aroa mpoectmonn teoatod, 


ya 


Hinde root Flatwine bending moments at Station G1, both me teady 
and vibratory, ayree very woll with thome of the ntandard proe 
duetion configuration, am dllustrated in Pigyures PPbeld and 
Pbbe@1. Tonging moment dimtributdons along the blade are alee 
shown Of Figurom Pobeld, Phlelt, and Phlela At the three proms 
wedylte flown, Another cheek on the Platwitne bending moment 
coOMparinon can be obmerved In Fiyure EPPeS7, where Che etp das 
differentia) torque preomseures for the two typen of bbadem wee 
meen tO agroo quite woll, Sinee both rotor confivurations are 
Abaorbing the mame ongine power and they are rimblar io mane 
dimtribution, flatwinhe mtiffinenm and aerodynwmick, the bite 
and eontritugal fores Gistributionm are the same: thenee, the 
Ateady soot bending moments aware the mame, Ty the mane rehtmotre 
ing, the trim momenta applied by the rotor mint produce the 
mame vibratory root bending momenter, 


In order to Ammonn the vibratory charhetorimtion of the bdiade 
and their effect on the helicopter more completely, w 2d-porne 
Fourteor analynin wan done on each blade parametor recorded te 
oxtract the firat four rotor harmnontes from the vibratory doad 
inge, The total vibratorion wore aleo road neparately for 
Kole tod paramoterm Of Interent, 


The vibratory flatwite bendloy moments at four etations alton 

the blade are promonted by harmonden in Piyueen Pbbelo throu 
bilel®, where Jt can be peon that the A/rev. component tm the 
mom mignifleant and tae typteal of & twoebladed rotor, Total 
vibratory flatwine bending momenta are plotted ti bigures Pbbego, 
Piy-21, and Illa, 


Vortioal accelorationm at the pilot'ra meat were aleo reduced 
to four rotor harmonics to ovaduate the contribution of eroh 
harwonte component to the total vibratory aceeloration, ai 
resulta can be ween in Fiyure bibe@N, where the mayor compo 
honte are a/rov, and 4@/vev, Khe total vibratory ieveldm at the 
Pilot's wont are wmlightly lower than thome of the product ton 
configuration #t the Highempeed end of the flight envedope for 
the prototype glimmefibor blades after they were roworked) to 
reduce tormionw) atiffnoum, The levelm with the pjloenm blades 
inmtalled before reworking are slightly tigher than prodwe tion 
levelm, which cdomonmtratem the tmportanee of — proper tuntiy of 
the blade torsional natural frequency, 


A typiteal time himtory of the mild maneuverea whieh were per 
formed in preomented tn Fiyure Pb Al) the eMehnot cyelie and 
collective pullout Game da tiated tn Table TilleA, The manoue 
verny linted in Table P)leb are those performed abter the blade 
reworking wie nocompliahed, 
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Figure thtebt, Steady Platwithe Vonding Moment Dia tethuttion 
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Figure Tibet, Vibratory Platwine Honddny Moment va, Abrapead 
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Figure Tll-17, Vibratory Flatwine Bending Moment vai. Alrapec 
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Vibratory Flatwithe Nending Moment 
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Figure Ttl-20, Total Vibratory Platwine Nonding Moment 
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The prototype ylammefiber bladon completed the Plight program 
in oxcellent condition, and no problems were tneurred by the 
uno of Piberylanmmeretnforeod plamtic an a nteuctural material, 


On the bamin of the antrain data takon during thin flight proe 
Kram and the parallel fativue temting of apectmonnm, the protoe 
typo glanm-fibor bladen roproment @ nubmtantial tmprovemont 
over the current production wooden blades bectume Of the yreiter 
fatig<ue atreongth of the lame bladen, 


Further tomt and deveolopmont work ham been done On @Ppow tent 
apoctmons, A tendency for the root ond bolt holes to enlarge 
undor Nighedloadeloveld fatigue conditionn wan oliminated by 
Premming do mteol bushioge mo Oe to dnerease the projected area 
Of romimting dlanme mtrueture, A flap brackot Are mspecinen con 
taining honevoomb filler between vibe dn the dnboard brachet 
region accrued 16 ® LO" cyelon before the tent wan torminnwted 
due to @ fatblure of &® metallic hardware part, Load bevolm at 
the flap centerline for thim tent repronented moderate maneuver 
conditionn, 


Nlade contrifugal force ShQO db, 

Whade bend ange © 10H0 on,edb, 

Flap contrifugal force Toau db, 

Flap bending = OO « JTIOO tn,elb, 


Torsion aspecimenm with the Seotebply separ and vartounm configura 
tionm for aft mtructure have almo boon Invemtipated, tmeluding 
rib intercontale, Ciberylanu honeycomb) of various coll nivgon, 
and aluminum honeycomb, A specimen unmthy fetheh cell wlumtnum 
honeycomb wae mtlatic tented and then fatigue tented to GO x bo" 
cyelon without fablure undor a contrifu,al Jond of 1h, 000 
pounds, @ tormional vibratory load of +6 U, 400 tn,edb,, wnt a 
flatwine bending moment of 6 GUO tn,edb, Thin tormional load» 
{jou far exceodm the runout value for wooden bladenm, 


Figures PbO, VUl-d) and Idle d2 mhow typteal temt plotn of 
the mtandard wooden blade ae compared to the improved alle 
Klanm fiber blade, 


Figure JibedO roprements the lowont moan curve for retention 
Area party, It tf woen that the wooden blade with the orlytnal 
fiberglane cloth reinforced chook plato wan more critioal than 
the wonkent hub hardware, The blade wan, of course, Improved 
an mtated previously in this report; and finally it tm moon 
that the allefiborylane blade root end with the laminatod 
Hcotebply choek plate exceeds the capabllitiom of other retone 
tion hardware, 


Figure PhteS) shows the minimum life curve for the tormaton 
area of the production blade, Hecalbling that the problem with 


/ 


the wooden blade wan the mpar falluren, tt im here wehown that 
the fiberglana blade apar "ran out’ at projected load levelnm 
higher than thomwe at whieh the wooden spar tabled, 


Pigure PPP S2 yivem the mean curve for the flap bracket area 
of the mtandard blade, Thin area han not been troublesome 
even with the mtandard wooden blade, but here again the platen 
fiber blade mhows at leant equal capabilition am ovideneed ty 
(he Comt “run outa’, 


A chronoloyteoadi summary of the plamne blade dovedopment im mhown 
in Table UtleC and FPiyure tilews, 


DAMAGH PIUOM SMALL AMM FEE 


Of recent toterowt tn heltcoptorm tm there vualoerabidbity to 
wmatlearm fire, In thin regard, Kaman toitiated a teomt to 
determine the damage offeet of bullet “bite upon the rotor 
bladonm, 


The temt wan conducted on &@ tormbonal aroa apectmen um dng WO 
ball) ammunition, A ,JO caliber rif le wah mounted thn aw verthews 
plane above the specimen, to whieh wam applied a contriftgad 
load of 46,000 pounds, Anh excttation, by meann of an cleetro- 
magnetic shaker, wim alno applied to produce vibratory flatwitme 
bending and torsional moments upon the specimen, One round of 
Ammunition wan fired dio the ometllatily blade, whieh matntatned 
itm loading for @ mbhort pertod after the firing, to determine if 
rapid propagation of the break tn the apecine,, would remult, 
Thin procedure was repeated until five rounds had ploreced the 
blade two tn the mpar, two tn the aft mtructure, and one wt 
the Junetion of the mpar and aft mtructure, 


At the completion of the firing, the P' ade specimen war hubs 
Jocted (oO &# mumtatined run at the followtng londnm 


Contrifugal force 46,000 Ub, 
Tormstonal momont * 2,000 in,-lb, 
Flatwine bending moment * “40 to.adb, 


The centrifugal load reprenonte normal Clight load, while the 
vibratory tormion loading execeods the flight moamured valuen 
during bigh-apeed lovel flight, After 1NW2,000 cycelom (Coquivae 
lent to nearly mix hourn of flight at the 2/rev, londing), a 
failure in the temt fixture Cerminated the tont, 


Pomtetoml tnapeection of the specimen cevealod no propagation 


or delamination tn the damaged area, Figuren Pbb-S4 and -tbhedd 
show photography of the blade mpectmoen after the tert, 
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Table Ile 


Load Oriented Glase Fiber Construction in Kaman Rotor tladers 


Development 
Completed 
1vhu 


1o56 
1057 


lose 


OH 
1956 


woe 


160 
(June) 


(Chronological Summary of) 


Structural Deseoription 


u/H" thick No, 1628114 glass cloth 
platens 


1/4" thiek (SAR 4140) ateel plate 


U/#" thick No, 1628114 glass cloth 
Plates plua I/H" thick Scotehply plate 
(unidirectional glase fibers ortented 
+ 20° to span axin), 


U/8" thick No, LO28114 ¢lasa cloth 
plates plus 1/84" thick Seotehply plate 
(unidirectional Klasse fibers oriented 
+ 20° to mpan axin), No, 141 glaae 
Sloth shear channels, 


SpruceeMaple«,OLK" steel cap spar 


bypruce=Maple +,O1% (1 layer No, IAL) 
Clase cloth "CC" wrap +,018 steel cap 


Spruce=Maple 1.060" (6 layers No, 1H) 
Klasse cloth) "D" wrap, 


.160 (18 layers No, 149) glass cloth "b" 


Proven Endurance Limit 


5 14,000 tn,=lb, (flate 
wine bending) 


4 19,000 in,«1b, 


26,000 in,<Ib, 


' 
— 


- 


45,000 in,=db, 


1,400 an,- lb, (torsion) 


4 1,700 tn,<Jlb, 
4 2,100 tn,=Ib, 


(Approx. 4 2,100 tn,=Ib,) 


cst 


Table ItleC (Cont'd, ) 


Development 
Note Completed Structural Description Proven Endurance Limit 
Z 100 .120 in, (12 layers, unidireettonal + 4,600 in.«@lb, 
(Cont'd,) 4 20° to span axia) plus ,150 in, (No, 

Auguet J41 plane cloth) aft channel 


Note: 1, Affected Milade Region « Ketention (sta, 14805) 


2. Affected Blade ltexion «= Torsion (sta, Aaela0) 
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Figure I11-35, Applications of Glass Fiber Reinforced Plastic 
Conatruction 
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‘3.0 


Figure thletd, Fatigue Toat of Nlade Seotion Damaged by Rifle 
rire 


Figure Tlledb, Fatigue Toat of Nlade Seotion Damaged by title 
Fire 
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CONCLUS LONS 


From the experience gained with fiberylase reinforcements of the 
highly stressed helleopter wooden rotor bladea, the eo: fldence 
in wlan mtructures ta apparent by the Kaman corporate inven tment 
Of nearly $400,000 to fabricate, tent, and develop the aforeesedin 
Cummed Ablbopliann fiber rotor blade, The testing done thum far 
hie Authentionted the belief and confidence th the use of fibere 
Hlawem for primary loadscarrying monbors, 


Much wore teating can be proposed; however, necomatty for 
financial avuatority hie preeluded the yathering of further 
demirod data wt preoment, 


Additional flight mtradin meamus coments along with quantition of 
fuliyue teste should be completed to substantiate wtatintionaddly 
the wtrength improvements am mentioned in thin report, Matin 
tenknce Abuses and ground handling problems oan be thoroughly 
investigated to further prove the «apabtlity of the alley lane 
blade an w practioanl operational component, A tent program te 
tino needed to subjoct this blade to the complete gamut of 
wonther conditions, tnebuding the influence of extreme Almone 
pherio environments and the effects of all forme of preaipd tas 
tion and abrasive wolid partiolen, ete, Damage fron woaponn 
fire de to be Investigated more completely for military applica 
tionn, The knowledge gained from the ume of fiberglawm ina 
complex syatom auch aw a holleopter rotor blade tndtoaten 
unlimited potential for use in other deaiyn aroam where weight, 
wtreongth, and endurance are prime paranetern, 


10 


HMCTION FV 


KVALUATION OF THE BRFKCT OF WRATHIING AND 
PROTECTIVE COATING BYSTEMS ON A PAN BROLANH = 
HEINFORCKD PLANTIO HELTCOPTIOO HOTOR PLADE SPC UM EN 


SUMMAKY 


An Ww rvrenult of the inventigation into the effects of TM month 

Of outdoor exposure at Hloomfield, Connmeotiout, b¢ appewrm that 
fiberpdann spoctnons or bladeom Of similar doatgn and fabrication 
technique will maintain their elamtio propertion for long pertodn 
Of exponure under toad, 


An early change in deflection of the spectmen observed durtig 
the (frat three months wan attributed to the need for pont cur 
and famter solttling, 


After the IMenonth oxponmure period, Deeto Super Koropon Fluda 
homtutant Coating and the aluminived acrylic lacquer t14lehor 
withwtood the elements and remadned in good condition on the 
top nurfiee, The epoxy antlatatic coating and the cloar ure 
thane epoxy varniah were eroded to a condition where minute 
fibergdasn "fuse wae evident, 


The unprotected murtaoon had the reatn complotely eroded away, 
oOxpomtng the fiborglawe mtrands, 


The bottom surfaoe, boing exponed primarily to motature but 
hot to erosive offecta, mhowed no evidence of deterioration 
On the protected or unprotected surfaeen, 


THOT PNFOUMATION 


Under corporate mponsorahip, & research program wan undertaken 
to build a fixture, outeofedoorm to an oxpomed location, upon 
whieh a fiborglann blade apeotmen could be cantilever mounted 
and Obmerved under the influence of weather under «a droop 
weight, 


During the fiberglasea biade development progran, several tore 
nion AAPOR Apecthons were made, One of theme specimens, whteh 
had tatited at 29 x 10" eyolon under a torsional exoitation of 
ro, 420 Ing h=poundn (developed torsion aren spectmhens ran out 
to WO x 10" cyclen), wan repateod and asatiyoned for thin 
wenthering tomt, 


Four different coatings were aprayed th lOetneh=wide arena on 
both widen of the blade spoctmen, with approximately OG thohor 
betwoon the coated areas, surface preparation constated of 
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wOlvent wiping, abrading lightly with No, 140 emery paper, and 
Holvent wiping again to obtain a olean murface, The coatings 
vued in thin tomt wore: 


1}, Clear Marine Urethane Kpoxy Varniah, 
Miller Stephenson Chemioal Co, 
Danbury, Conn, 

Application = 3 cromm conta 


4. RWB. 100 Kpoxy Alroraft Antintatio Coating 
Mioro-Ciroudita Co, 
New buffalo, Michigan 
Applieation = & oronm conta 


J. Desoto Super Koropon Fluid Homintant Coating 
Detioto Chemtoal Coating, Ine, 
Philadelphia, Pa, 
Application = 1] oronm cont (,.6 = .7 milw) No, 191000) 
primer 
= 2 oronn ooate (1,2 = 1,0 mile) No, SHOKHOKO 
white epoxy ename) 


4. Aluminized Acrylic Lacquer Fininh, per Kaman Adroraft 
Specification Q=102 Code Whel, whieh da: 
1 cont of waah primer per UibeC-A614 
L coat of lreoquer primer per MibeP-700¢ 
2 conte of worylicenttrovellulone Isequer por Vibele« 
1967 


6. Dresmure seonmitive Polyethylene eronion remintant tape 

Ql0=sinoh thiok) 

Minnesota Mining & Manufacturing Co, 
Ht. Paul, Minn, 

Application = two plecon 1 foot long by 4 inchom wide 
wore placed on the leading edge, No 
sealant wan applied to the exponed joint 
odwon, 


Poritodico inspectionn were mado and atatic deflections were 
recorded during the exposure period from 1 June 1961 to 2 
December 10604; theme are shown in Figure 1Ves, The calculated 
atiffnous for the composite spooimen, (KI) compomite, wan a, 3 
pai, 


A permanent net of 2-7/8 Anohen rewulted with the apeotimen 
Joaded am shown tn Figure 1Vel, 


Figure IVel dlluatrates the tent setup, 
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Figure Vel, Glan Nlade Expowure Teoat Hetup 


In the unproteated aroun, the upper surface wan wneverely eroded, 
am noon in the photographic reproduction (Figure Wed), The 
wurfaoe reain had completoly vanished, leaving exponed fiber 
Kinne atrands from the outer ply of the Jaminate, There warm no 
deterioration of the unprotected areas on the bottom murfaon, 


COMUIHp | The Urethane Kpoxy Varsiah wan almont completely 
eroded from the upper murface, with moderate disintegration of 
the epoxy readin in the laminate woxpoming fibers from the outer 
ply. Taere wan no evidence of deterioration on the bottom wut 
face, 


Coating 2, The K,8.K, 100 Kpoxy Afroract Antintatio Coating 
exhibited moderate erosion " a heavy chalky renidue on the 
wurface, viloh upon removal brought out the outline of the 
Mubatrate glace fabric, The bottom surface appeared to be free 
from deterioration, 


Coating 4, The DeSoto huper Koropon Fluid Nontatant Kpoxy 
Coating mhowed but wlight chalkiness on the upper surface, 
whioh when polished wlightly waa remtored to itm original 
wmheen, Here, again, the bottom surface wan found to be free 
from defect, 


Gontion 4 » The Aluminized Acrylic Lacquer Finiah aigo whowed 
a ry gl Ohalkiness comparable with the Desloto coating, Upon 
wiping, @ hard, nondeteriorated nurface wan revealed, There 
wae nO deterioration of the lower mnurface, 


The above coatings were then aubjeoted to a dry tape adhenion 
tent aimilar to that of apecification Mibe-F-1H26A oxcept that 
the paint surface wan dry, All of the finiahos exhibited a 
yood adhesion quality, 
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Figure 1V=a, Kvaluation of Kffeota of Weathering on Glaan Nlade Specimen 
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Figure IV, Kffoota of Woathering on Coated and Uncoated Hurfacen 


The polyothylene eromton=roniatant tape expertonced no detere 
joration in ttwelf; however, with no soalant applied to the 
edyew, the tape eventually did separate at the edyom from the 
Klanteblade atructure, 


DAC UNH LON 


It oan be concluded that coating symtoma oxtat whith fulay proe 
(wot fiberglammebinde (and other plasa= laminated) atructuron 
from exposure to the environmental weather oondi tions as 
aAmoulated within the oxtromon of the tent area, Thin does not, 
however, moan that the coatings tented would ov would not 
Omhbibit wimtlar rewmulte under flight eronton environment, 


It dn further concluded from thin mingle dnoventigation that a 
fibeorgiaan blade or atructuro of wimtlar dewten and fabrioation, 
when oxponed to mimtlar onvironmental condttionn, witht wtabilive 
itm clastic propertion after a pertod of time and asmume no fure 
ther permanent mot, thereby reaching & ropeatable atatlo def lou 
tion, Jt ta felt that additional environmental tenting mhould 
be accomplished before conolustons can be drawn an to whether 
(he indtial droop and/or met ta a funoetion of domign, fabricna 
tion teohnique (pont cure), fanter mettiiag, or other phenomena 
4a an inherent characteriatio of the fibergiann opoxy laminate 
Awing procemn, 


The onvironmental tot specimen ta mtored for the purpone of 


gaining valuable data on the effecta of weathering vernun 
fatigue integrity through pomatble future tomting, 
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BHCTION V 


WVALUATION OF A ONKE*VIRCK, TWOeMLADED 
TALL ROTOK SPAM OF DIRECTRD 
VINKNOLADB ME INFORCKD PLASTIC 


NWUMMAIY 


A tail rotor dontgn approach proposed by Kaman Atlroraft of fern 
the potential of & completely metntenanvesfroe unit, Teeter 
bearthge and control red enda allow relative motion Of surfhoon 
of Teflon and therefore have no lubrication requirement, The 
Oriented glasm=fiber apar matertal, which in continuous from 
(ipsto=tip, da molded into an elliptioal cromm aeation on 
vithor mide of the central hub and provides an effective olan 
tio piteh apring. The induced tatlerotor piteh, whiuh in 
purely collective, im accomplithed by tormionally defleuting 
(hin section, and no piteh bearings are required (piteh bears 
‘nge have been a potential trouble apot in all heltooptora), 


Other loadings carried by thin wection are the flatwine bende 
ing, edgewlme bending, and vontrifugal forces, The prinetpal 
bending and centrifugal force atreamen are normal mtronnen on 
the net oromm sootion, while the pitch change chunen mteoady 
Whear wtronmow whieh are maximum where the minor ania of the 
OLlipse intorsmoots the surface, It de the charactorimtio of 
the material that normal atreonson are carried primarily an 
tonmion in the filaments of glann, while shear atreotmon are 
renctoed in the plamtts matrix, Shear and normal wtresson are 
therefore not combined tn the usual faahton, an in taotrople 
material, The analyain showa margina based on both shear and 
normal) atroam considerations, 


In a material whome propertieon have vant variation for the 
orthogonal principal axes, the mode of failure for any general 
loading wili be greatly influenced by the ortentation of the 
axon, Ft hae boon Kaman's expertonce that material of the typo 
uned for tatblerotor atructure will normally fati do shear only 
in planes al jacent to discontinuous fibers, For thin reason, 
the tablerotor demign provides a continuous path for fibern 
fromone blade to the other, and permite terminations only dn 
the outboard blade sectionn where loads are reduved, Normal 
loadings of inboard sections mhould, thorefore, develop the 
full potential of the untdirectional glawn filamont material, 


Ntructura!l mombern were constructed and tented for comparison 
with analytical data, Although the spectmonm were not completely 
homogenoous (tho nection war formed from three precured lami-= 
naton of Boeatehply secandary bonded together), the teat informe 
tion which follows shown that the twint angleow applied with 


a 


Wlatio Joadm are more than doub)e that required; the fatigue 
npooctmen wan run out to dO x 10" eyolom at wix tiem the 
Hdomiga lond without fatluce, 


Dewoription of Tab) totor 


The tatlerotor fammenbly han two fiberlawe bladem with an over. 
wil dimeter of 0 feet and a ohord of Bb thehom with a 1A percent 
(hicknemm ratio, The main apar hae a "OC" seatton with a molded 
Channel whieh completon the membor to make tt & typtoad "bp" 
appar, The aft portion of the atructure in conmtructed of 
carved glasmefiber honeycomb bonded hetweon plammefiber nkinn, 
The outer layer of skin laminations ia weapped ontirely around 
the apar and rib box to form @ nmooth, continuous surface, 
Toward the root end of the table, the layers of mhin are 
Kradually tnoreamed to form the required reinforcement for a 
whear load path from tratling edge to apar, Piteh arms extend 
forward to attach with the control Links, The Interoonnecttay 
hub region im plereed for a centering pudde whieh affords cone 
(rol rod passage, The rotor driving meochantam ta &@ wteel yoke 
which Glampm aygadowt the flat phenolio pads shown to Flyure Ved, 


Hoth tipa of the bladon are clomed by & molded tip oap to tate 
(he end riba, The leading edye of these tip capa da covered by 
Mid) Stainlonmentool abieldms, Under the tip capy, two spine 
wine hollow with threaded inmerta are provided to pormit adds 
tion Of wmall wetyhts for final blade balanoe before final tip 
OAp installation, 


Figuron Vel and Vel show sketehow of the proposed tail rotor, 
Tont Information 


To submtlantiate the calculated data for the propomed tatt 
rotor, & nerion of toate were conducted, The tent speulmenn 
were Conmiruated of menofilament glann fibern with an olliptie 
OAl Cromm Reotion mimulating the tadd rotor plteob apring nece 
tion and met up in atatio and fatigue tomt Fiaxturen CPi gure 
Vel and Ved renpootively), 


In the atatio teat, the apecinen was subjected to a mimule- 
tancounm axial toad of §,400 pounds and a torsional momont 
applied aw & couple, Figure Veb de the plot of torque vernus 
twint, where dt in neon that up to U1) degroom (twiee the maxde 
mum expected value), a Iinear rate of 24,0 In,adbh, per deyree 
ocours, At thin point, the slope then changen to a aot tor 
linear rate of up to 42.5 degreon where the applied torque har 
reached approximately 1,700 in,e-lb, The plot tm twioe the 
actual apring rate, ainoe two toratonal section apectmenk were 
tented back=toeback, The knee, or break, in the wlope tm 
explained by the partial fatlure of the necondary bond between 
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Figure Vel, Klantio Ninged Tailehtotor 
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Figure Ved, Klawtio Hinged Tatl-notor 
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the laminaton of precured unidirectional Neotohply, It munt be 
onplnmtvzed that there wan no interlaminar fablure of the Sootele 
ply, and deflecting to larger angles warn not ael loved ondy 
becnune Of tomt equipment Limi tations, j 


The caloulated apring rate of 02 bnvedb, per degres whe bamed 
Hpon A mhenr modulum of ,Wa7 x 10" pat, dedueted from thine 
mhodl Cemttinn. The difference in section and attendant atradiny 
ritom and the lack of homogeneity of the apecimen are probable 
HoOurcen Of error; howover, the lower ntiffnomn ie advantageous 
in thin cone, nines Ft Jeada to Jewer contreld forcen, 


The truly aignifteant contribution of thin tent dm the value 

of the wnnumed ultimate mheoar etrena, Known published totfornn 
(fon on shear atronmonm for untdlrectionad Ciberglanweredntoroed 
pPlamtio appeara to be Limited to the blook shear or Interdaminns 
mhhear teat data, whieh Of course ylolda very low valuen Clone 
than 6,000 pad), Hawever, tn thin ftormtonad shear application, 
it in mhown that the aeaumed value of 46,000 pal for the ubtt. 
mate echear atrength uned if thi analymde de quile conmervative 


The dynamic program produced similar pomttive romudts, The 
prodieteod maximum tatlerotor vibratory edyowlee moment war 
PON dneedb, with a wteady contrifugal doad of &,400 Th, Ihe 
fatigue tent wan carried out fireat at 2 700 tnvedb, and then 
at ! WOO tn,etb, with the mtendy 4,400 th, Axial lond: both 


levelm rowulted in runoute, thit dp, GO x LO" oyelow, ta an 
Attempt to promote a valid fablure, a moment devel of £ 400 

in,elb, way Induced on the nine mpeotmen; thi, too, ran out 
to HO x 10” cyolen, an plotted in Figure Vet, The atratonw at 
the point of maxidnum bending moment Ameoctatod with the above 


Pune Were) 


Ntendy mtrain due to centrifugal lowding 1,440 micro 
bnoh/inoh 
Vibratory strain for £ 160 to.eth, run . % 200 miaro 
fneh/inoh 
Vibratory mtradn for 2 900 tovelb, run =» 7 Hoo micro 
jneh/ineh 
Vibratory atrain for 2 WOO tn.elb. run e 24,000 miore 


bnoh/ineh 
The vibratory atraines when superimposed over the steady value 
of course ylve the maximum and minimum erat exOuPre lone OX popes 
leneod by the spectmen, 


Vimnual enamination and electrical monitoring deviceos were unable 
(oO determine any evidence of fallure th the apectmenn, 
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It im to be noted here that tie allowable shear atronnon unmed 
Oleowhere in thewe onloulations are bawed upon the Goodman 
Diagram presentation for the mteady and superimposed vibratory 
Atronmon antiotpated, The allowable mtromm given for the mtath 
toratonal condition above, although meeming overly optimimtia, 
{me wubstantinted in the tomt information whteh followa, Pode 
ie conmidered to be an oxtromely important contribution, 
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DIB UY TON 


Although the operating conditions of a tall rotor are not 
fdentiond to thome of &# main rotor, they are bamtewdlbly miiet dag 
with reyard to hinven nod fat iyue requairemon tea, he tem 
romults have tndiecatod that Chit wame bande prednedple can be 
Applied not only to ttl votore but to mtn rotors am weld, 
but would of course require additional design me tude and ova lune 


thon, 


ome Of the advantagom Of Chrectod glame [bbe over motaddge 
miructuro are! 


liyh a trongthetoewolght ratie 


Livewtly dmproved fatiyue characterie tiem due to roduweod 
hotel monmbtivaly 


Danping OF vibratory potable 
Pxpormure And mote ere Pom dm Ene en 


Lower tooling com te 


Freedom with regard to placement of fibers dn a nanner to 
provide yvoater wmtrongth in the load paths required for 
Optimum mtrue turers, 


hhe aboveementloned advantages coupled with sound ong iooerting 
undernatanding Of the problems invelved and the abblity to ume 
diroctod wlan fiborm to thetr fullomt oxteont indicate that 
Kreat potential oxiata Jo the demign of an elamtioally hinged 
rotor hub myatom, 


WhCTEON VI 


V/STOL HOTOR KOM DEVI LOPN vt 


HACKGHKOUND 

The Kamin Keltit (mee Pigure View) dm ow twhoeethptued, tree Lin, 
vor heal takeeot? and landiuy (Venlo) osxpevinontad atrevwe? 
developod to mtudy the eapnbilittier ab director vector re topos 
(rotoespropellor) and the offectivens of dhe Va bbewing ao te 


prop combinatson, 

Nhe rotor devedopmont metudy mtwrted tao bod 

Tomt rap ype Cem baie wie done di Diao bt vd thie 
fommibslity teomtboug of wo liye i ee ee me iene on 


Lp fre dia, 


The Abrerabt wim doemdpned, god fabeb albon wim Comp de tod 
in hoaa, 


Ground and withthe tunnel Cemtingy took pier atl binant at NAA 
(Aiom) dn Mode due, 


Data reduction woe Capel de for further App dtemtbon of thre 
romulte are beioy careted on at the time of thd wed tbany 


Thie Abreraft wan oquibpped whth many fo beng die bamientand pouwed 
wueh Am the waptonere, Wie dnbet fabetoge for the powerpdant 


nhcedlerm, and other mecondary mtructuradl applieatre wt) msl 
aApplilewtions were very effective and promenbed ta Croubbe tn 
operation © thedte mtudy tm conmidered roubbtie whe to report 4 


made on their porformance, 


The primary structural unmen Of Pibery diver Vimdna te werttar choy dae eel 
to BOlve problema of mirength, webyhbt, dhe ondiuewnee ba the 
rotor wyatom and are the aubject of thim report, 


OUMMARY 


In the development of the Kaman Kell votopeop mye tem, ox ten: 
hive tenting win done on both the whiel vie, whteh timpomed 
Aotual oontrifugal foree and abe dohdm, and on the Flap Pa bbyue 
tomt mtaod, whieh mimutated the centri fiayrad force dial boned big 
wir loadn, 


A total of $4.0 hours warm fhecumdated on the whtrl vip, of 
whieh 40,5 hourn wan credited to onduranee tine for planned 
control dnputea, During thin time, the ylameerednforced reten 
tion of the rotor blade created no prob dene The contradl flap, 


M7 


Figure Viel, KeJOUN Expertmontad V/NTOL Atlroraft 


however, roquired nevyorad modifications of la reinforcement 
before boecominp Aeceptiable, 


The runndng of the flap fe#tipue wan concurront with the whird 
Vin Operation Loete, 


Krom a vadbiad Cid dure Wl Bett x de vyedon, lis ae MPoreenent 
modi fpentian brow, ht the onduranees dale to td, ? x dO" eyolen: 
heve the tWblure oocurted Outedde the rojntercement, A tinal 
wdifbention whe made, And theme f)apm were used On the ade 
eral t da fudlbemoale wittetunned tomtnr, Mhe temte aeoumuila tod 
“4d how's, Or mbaiypbtly over bof eyolon, with na pereeptibde 
Gdelrvimentadl todiead bore, 


Sthteoment of Problem 


The counfipuration ontablinhod war Ww three=bladed rotor haying 
Wo lhefoot Retnoh dlamoter with Metinceh=chord bladom, The 
Bye tom win to operate at /20 rpm and to develop 6,200 pouncdn 
Eo othrunt bio eel of the two rotepropa, 


‘ 
To produce the hedbeaptor type of control with eyedie and 
eOolloetive aetuation, a control flap aeting as an adleron on 
each propetlor blade Im umed, The wubmorged flap ta 60 percent 
of the blade chord and covera the outer 42 pereont of the 
bide mpan, 


Nhe Gilfticulttom tnvalved with the Gdeaign configuration and 
operating conditions ware the high rpm and vehtele manuuvera 
whieh dmpone very high loads and mtrennonw on the biladen and 
flupm, dhe bDlacom must withatand a centrifugal force of 

000 Jb,, an edyewlne bending moment of 46,000 to,elb,, and 

WH flatwine bending moment of 29,900 tin,edh,| theme combine 

nto W# 44,400 neath, timit bonding moment at the root, 

Pativue requirenonte are the mboady ocdyewtme moment of 1,000 
fhoelb, with & mupertimpomed vibratory moment of £ 12,000 in,edb, 


The Lightweight control’ flap, oceupyioy the outer portion uf 
the bigh rpm blade, mat romint a centrifugal force of 6,260 
Ih, and endurance londtiye puch am & etoady benddig moment of 
(MO dn,elb, with &® nupertmponed vibratory moment of 2 740 dn,edb, 


DENCHUIETION OF PAICES 
bi divcherra 


The wirtodd) moctton unod in an NACA 1000) and te constant from 
blnde Station $2.00 to the tip Citation 01,90) The blade hat 
4 conm tant chord of JH tnhehos and dneorporates a ApAanwinoe wath- 
out of O, UN? degroon per dneh of span, 
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The core dn oof Jamtnated maple and ta full ehord at the butt 
end, Tho Crabbing ode dm then taoored wo that at 60 poroont 
Of the wetual blade span the width of the spar ta 40 peroont 
Of the chord moanmured from the Jowdine ode wnd renadns eone 
meant abt thin whdth to the tip, 


Aft of the tapor dn the spar, the blade profile dn obtained 
With Jaminated npruee Wod plywood viom and plywood mkhin, oA 
Ue noh corronionerentalant steol doubler in bonded inte a 
routod Outemoetion of the spar Crom htation W400 to tation 
4,00 far added mtrength, A mbimidar ,O20e neh mat bomen tied 
AKdn de then bonded over the entite core and dowhber, comphetedy 
HOVeErIAY The top and bottom purhicors, 


At the butt end, fiberglass retontion reinbore day padm wee 
honded dnnide und Outedde of both the upper ane lower mo urb wees , 
thus forming & sandwich mtructuro with the mteal wktn, oA 
machined mloel potontion Fittinye wie mockotied into the bdade 


mhank ane mechantieoalbly attached with throe O/eet hehe diame tor 
odin, 


The mpar tip warm resntorced with Fiborydaem cloth ta wive miupie 
port where material had been ronoved for the aecommodation of 
the flap control mochanian, The mechantos Of the flap cantvot 
are unimportant to (hie report, and tte domeription wilh theres 
fore be omitted, 


The tap cap wan ao deply No, IN) plammecloth fabring witeh 
enelomod the tip Fitbing, ble mounting bobte, and controd 
nochanianm plvete, The cap warm attached to the tip Patt bang 

With aerows and wa denlyned to reduce the turbulenee Ameootated 
with tip airflow, 


V bape 


The bawie flap (sketehed in Figure Viet) conmints of a ,ebeineh 
Laminated blreh plywood apar with spruce spar capes abe tneh 
wpruce Tiba; bireh plywood apline; laminated empruce nome bhook 
(for retention cable); ,ObAeineh biroh plywood mhin that 
covered an ,OUWBeingh bo reh plywood nome skin, which extended to 
the separ aft edge; and laminated maple pad for mounting the 
eontvad horn, 


The flap de contrifugally rvronteoined by & mtoel tendton arnored 
eablo which pases through a follow atua in the flap nose bloek, 
through @ tunnel dn the blade spar, and attachon to the blade 
retention filting, The wtud alwo serven am &# pivol waxia for 
the inboard flap bearing Cradtal) whieh dm housed in the spar, 
Control motions of the flap are permitted by olamtie twiat of 
the retention cable, 
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K=J0N Rotoprop Control Flap 
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At the outhoard ond, &# necond ntud in banded into the flap and 
Ih Wned fm the pivot axie for the outboard radial bearing, The 
Outboard bearing (8 houwed dn an aluminum tip bethany what on 
bolted to the blade, The attaehing bolt thrond into metallic 
ehoeorte whieh are burted in the mpar, 


The flap beartoy hountngs are bined with phenotie bumhdnage, 
hun ablowtny, the flap to floot wxiaddy under the centuatucnd 
field while betay retrained at the butt ond by the cable, tn 
thin manner, high loeal donde fron the flap wre avatded at the 
hlade tip 


Control monente are introduced by &@ crank warm balted to the 
outboard end of the Flap through mbt pide wad mhear bboed 
redinloreononte, 


TROT TNPOUMALTION 


Prior tO the domtadlation of the helu vohieleo inte the NADA 
whod tunnmed, the vetor syaton bad to necumlate JO hOoure of 
endurvanee time on the whtedl way CPbpure Viel), ln order ta 
provide continwounm Joe trumentation coverave and tO Observe 
oOporWbliog bint tationm on the enyine, the ontiee prog rain wan 
mun in dey weather, 


The followtun control tipute were tO conmtitute the required 
whirl tom thay 


Colloutive Collective Cyedae 
lap Hdade Pibeh Map Hera a'rs hota 
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The 40shour onduranee program wae run at & normal rotor apeod 
of 726 rpm, Collective flap warm promet mtatieally and aw meter 
reading corresponding to wn moamured cyelie flap eanditton war 
Obtained prior to ofeh run, 
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Figure Vied, Rotoprop Whirl Stand 
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The onglie wie mtarted, and the rotor wim brought up to mpeed, 
Collective blade piteh wan appliod until the domtred mettinay 
wie rehohed dm dndteated by # moter reading On the tim trugient 
HoOnnole In the block house (protective operation and obmerva 
tion bubdding dy) the cyelie Flap wan then applied,  bnduranes 
timing whe mlarted after the required conditions had bean 
roached, The Levels omtabtinhed were nmatotatned for the dura 
thon of the run, after whteh the ceyelio flap warm reduced to 
zero, the cobleotive blade pateh wim reduecd to vera, the voter 
mpecd win brought to ddbe, and the onde wim mbit dawn, 


Throughout the entire runniog, the bbade tteedt vena dined 
wndamnaged by the tested lowdm, One mmall area did roquire 
witention, however: Chie wie Dbecwtuwee Of the large amount af 
oe tvumentation mounted on the hub whieh created awkward weet 
fo areanm requirtoy ordinary matntennnee, Due to pibedver tend 
fool contaet to the blade tratbing odpe corner, a mht mepara 
tion oeeurred, Thin wim quickly and camtly remedbod with the 
Incorporation Of a Beply Fibery lamm redoforeiay pateh over the 
vorner of eaeb bbade, No recurrenes of damage fobbeowed, 


The tip cap required some development to muntain the loading 

Ato the tip, Under the 1,200 """ flodd, the deply cap exerted 
approximately 2,020 poundm on the mix WttAehment porewe meus 
ing it to the tip fitting, 11 Wah necommary to doowbly robe 
force each of the attachment bolom with 42 pltem af ho, da 
fiboryglann cloth, Alto, beotume Of the wide chord and the 
aAnount Of tip cap overhang from the aft top and bottom attweh 
ing werown, the aft portion of the cap expertenced mw fiat dure 

in moparating from the forward hall ot the cap, Phe dntewrity 
wih remtored by removing the Yeply tole rotnforeement on the 

top and bottom aft holes and roplacioy bt owhta &® Geply reinforces 
ment whieh extended toward the tratling edwe for 2 toehen beyond 
the attachmont holon, thur mtrengthentag the highly mt romnced 
aren, NO further problem wae oncountorod with the tip capa on 
the whivd rig or during the Adehour NACA wihd=tunned tent, 


The flap created quite @ untque development program,  Hevartie 
Of tim operation do a high center tuyad fheta, Fe mime tne on 
marily be of Light weight conmtruetion; yet beenume of the 
Wir foreorm at Prenete aAyatbnat, Gb mut pommone muperior miruce 
tural inteyrity, 


The original flap, a6 denertbed provioualy, eontatned no fiber 
Klaine reinforcement, After O.7 hour of onduranee whirhing, the 
retention cable tose block separated from the spar to whieh bt 
wih bonded, fadbling (he ekhin around tt, bxamination wlao dim 
Cloned compreoseton fatlure do the mpruce nome bhook under the 
head of the retention atud, A mimtlar failure alao ooourred 
during tomting on the fatigue beneh ntand (Figure VielO), The 
retention area wae redontyned, abt & rlight macrifiee In wolyht, 


bod 


by replaetnn the wooden nome block with a phenobie Jami nate 
block baving greater bonding avea and better mhewr dintad hue 
lion, In wddition to the new nome block, the plywood mkin 
over the block and the tnboard flap caye wan rotuforeed with 
No, TN) glume cloth, an shown to Figure Viet (bh), whitch aldod 
In tranmeberring the retention ntresmom over the spar and akin, 
Vteply reintoreenent Of glaman cloth wae wieo placed over the 
Outbourd contro) horn mounting pad became Of evidenee of pad 
Loemk in meparation, The flap and cable unite were then pudd 
lomtleod At 0,400 pounde tO enmure the dotegrity of the boned, 


Mo ubtbbive the whivd wtand for the other andte of the abrerate tna 
power and adeive mynten, the Clapm were ablowed vo be umoed at 
reduced life levede while paradlel Flap tom ting wand deve dopo 
proceeded on Che Cat byae beneh, 


Lhavdy tomting at the heavy load levedm chumed the flap to oxper 
hence def bectionm mo yveat that the mkhdtim would buekie aftor @ 
low number of cyelos, A mayor (IN wom requbrved to mtiffen the 
apa, Mhim win done by fabrbewtiny new mpm Td Peo para CL gg 
A ylaem retaforeement, runntboy the bength of the spar Ctop and 
hottom) Of A pliow with the untdirecttonal ftbore ortented 
wlternatedy at J 6 deyreoms from the spanwite Axim,  Hobud lading 
the flape with the previous dy mentioned chatyorm remudtea dn 
lowor bending defdectionm, and the whirl and fatiyue teste were 
rewumod, 


Two davaddad fabluren ocourred next to the fabti_ue lond we tua thoy 
Livny The concontvated of fect of the clamp wan diluted by the 
blonding of a fiborg dane pad bonded to the flap under the champ 
Areoh, The suecooding tomt preduced a valic akin fatblure at 
H40,700 cyelon; however, the quality of the plywood wan quer 
Lionsbie due to dt “short gyra’, The flap ware repatred with 
Wohew wmktin being apliced toto the top murface and retentod, 

Thieme time w# midespan fablure oeeurred tho the thew top surface 
mehKin at 2,040,000 cyclen, 


The flap wan apatn repatred, and thim time the top akin war 
reinforced with @ mingle ply of No, TM) ylame cloth between 
Htation 66,00 and 7h ,00; & complete covering Of the top mvt 
[hee wim avelded mo that the end atratin yayos would remada on 
the plywood, The flap completed 240,400 cyolom when the reten 
tion cable, whitch had acourmulated ,40d,000 cyelon, Failod 
(Figure Vbeldl} 


A new flap of the sime mpecifiovtions using a mingle ply of No, 
120 lame cloth (lontead of Wo, IM) eloth) on the top and bot 
tom murfacon betwee: Stations O4,00 and 74,00 wan text inmtadled 
bh the fattiyue apparature, The deflection of thie flap under the 
tomted load wie only ornesthird that of the ortginal wooden flap, 
and ran to 4,7 x LO" Cyclon before the top and bottom skin 
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Table VileA 


lomt itmtory of Flap 


Vlap Type and Cyclom wat 
Dib lovenoar fatlure Homarkn 


Grip inal tomt specimen 2, de, 00 Cable retention pulled out @t 

rer langular retention inboard end of flap, Vals 

blook wt flap tnbewrd fablure for thin contiyuration, 

ote Ketontion eorner fiberg latte 
wrapped for next Coat, 


lmprvoved retontion 6b, ban, 000 Pilap failed at sta, 7, adjne 

block: modblted load gent to aetuating clamp, 

dinteibutbon path Patlure due to load concentrae 
tion by corner of clamp, 
Clanpn modified for noxnt teat, 


iI mime flap type am S254, 400 Minp failed noar aotuating 

Imt run B/N 2D Qlamp, Pailure toitiated by 
Clamp, Modified eclampa toa 
Obtain yreator flexibility 
before next temt,  Hework 
flap 


VI Flap b/h dh reworked, AO, 700 rrocture dn top akin wt 

2nd wun Now akin mplaeed on approximately conter of apar, 
fWbbod wren ane C bbe Due te ahort yragn plywood, 
wdimeed wider oc bamp, Hework flap, 


iI lap O87 A) rewerlod, 4,004,000 ratled dh now mkin appraxt. 
bral wut ow mhit mpbieed tn Witely Yetneh outboard of 
faded wren sonter epar, bofinite 
OViclonee Of mhort prain 
fatdwre, lework flap, 
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Table Vea 


Pomt Wimtory of ey 


Uys Jom wl 


bhap Type mine 
bind duaae 


Phi fevenecr 

Paap m7 WE reweadeaad, 1,400,400 
Mblorp damm cover bin 

on top mkhin 


Now flap GU/h Ol, bi, 700,000 
Kerli tv deuk woth thon 

lnyor af No, bao 

fborpe damm Fvom wta, 

ba to 7M, boyy ane 

heart berm 


Heuer be 


Podduve On retention comb de 
wihjpAeent te Plap dnbowra end, 
(VYolom noted wee (home on 
ritheder, 


Pb dae Da eh die pepo dma beds 
f/ tetedheh from outhowrva ene 
In top, Wit woe dboeh from owe 
bowed ond da bottom, Joatiue 
futem not dn arene coverod by 
Pilon dives 


failed outboard of the yltee redaforcenent (Yipyures Viel? and 
Vbelit) lable VieA dm ® pummary chart of thin fativue tomting, 


The loadsa umed tn othe fatigue Comt were as follows fh mteondy 

ecentrlfugald feree of 8,260 Thb., applied at the outhoara ond: 

hormtenady bendtuw moment of 720 toeelb,, applied ato thre enter 

of the flap; and a muperinposed vibrates heneldiy monent of 
7A0 tu ve dh 


Wye peed of exe tabion van meleeted to provide the roqubred 
Vibration output W000 rpm for the fient thon 10° evejom of 
the flvet teomt, GOO erpm for the lamt 100,000 cvelom Of the 
meecond temt, and 440 to APO rpm for the renatnder at the tome 
Lie, \n for the effect of apood of femting on the fatigue 
pecimen, A mtudy hy the Amertean coetoty of Tomting Statertads 
inddeavatom that, at leamt in the range of 200 to 7,000 cyelon 
per minute, there im no effect chumed by varving the frequene 
except when accampaniod by w notieceabtbe temperature rime, Alpa, 
the effect of romt periods han no miyntfhleant offect on fatigue 
life 


Figuron Vied through Viet show the fatiyue Lom tine appara tue 
hwnd the method Of Lemet tiny 


rigure Viel tm a closoeup view of the rotoprop, vithout the 
(ip cape, mounted on the whtel mtane, 


Pivgurom VlelO through Viel are photoy raphe of the tyne of 
fablures oxpertoneed during thim teat and development proeyerain 


Figuron Viel’ through Vile are the plotted vremulbte Of the 
vibratory flap bending momenta verntim the number of cyelom an 
redyeved Fran the onetllopraph recordioage vhieh were taken eaeh 
hour, 


Figure Vile) mhows the rotoprop tn operation on the belOh tent 
vehteole in the ttitewlay confipuration prior to the aireraft'n 
departure for tullemcate windetunned temtiny at the Atver 
Laboratory in Cadlifornta, 


poyel 


CLAMP AT 


OUTHOAKD KND 


Figure Viewd, 


a] 


ls 


LINKAR PUSIT ROD 


Sketeh of Kel Flap Fatique Jig 


10 


PPP sevd 
ACTUATING CLAMP ii i 


—PLAP i soem 


f 
is 


a 


Finure Vieb, 


| 
see ae 
tL a sien 


Adjustable Pivot 


tod bad Hoarings 


| All Pivot Jointe 


oo @ f 23 


* Linear hods 


Front View 


Vlap Fatigue Test Drive Syatem 


200 


8 
“A 
P 14,0 ~ im e lai . 
Hho, ' i } } 
thes ia 2 oo ; 
| fe. Pha | 
bof 
| 
t 
) o'0 | | gla | 
oie L 9,2) | 
pe fl a 
detle “ee 
Outboard End Inboard or 


Cable Knd 


x = 6.0 y * @,0 on Tests No, 4, 5, and 6 
x @© 10,26 y * 11,0 on Tents No, 1, 2, 4, and 7 


Figure Vied, Flap Fatigue Test Clamp and Gage Positions 
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View of Front of Jiggs Showdny 


1, Actuating Clampm connectod to Litem 
drive rode and belblerankts 


2, ttlendy load cables running to attaching 
lamp, 


1, Stendy load cylinder 
1, train gape cablon, 


Figure Vie7 Flap Fattyue Tent Apparatus 
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View of Roar of Jig thowing 


1, Actuating cama and other drive Components, 
4, Steady load link, 
S$. Fixed blade apar, 


4. Retention clamps, 


Figure VieH, Flap Fatigue Teomt Apparatun 
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Figure Viet Clomesup of Holoprop on Whterd tana 
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Figure Vlela View of Flap Hetention Padblure 
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Figure Viell, View of Flap Cable Fatlure 
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Figure Viel?@, View of Flap Fatdbut 


Figure Viels View of Flap Fatlure 
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Figure VielM, Flap koadurance 


te) 


HOO 
Hoo ' 
_ ; 4 
a é ; ‘ «)} 
400 ' 
200 
py 


ThHYT NO, 2 


QAGK No. 4 MOMENT Vi. CYCLES 
t 1 ' 


@ 
{ + 
{ 
yin) vt Tr 1) 


CYCLER xX 10° 


Fiwure VI-10, Flap Endurance 


Tont 1 
Flap S/N 25 
CH, 8 


/ 


eles 


704 


ve4 


tv m" 


WOO 


HO 


A 


4206 


THT NO, 4 


GAGK NO, 1 MOMENT Vi, CYCLES 


| 
| 
| 
| 
| 


a 
a 


] 


cycLEes x 108 


A 


Figure VIie#O, Flap Endurance 


Tout He TOW 
Miap B/N 
hase No, 
Cu. 1 

iY Watiy| 


] 
a 


THAT NO, 
HOO ,; OAGK " d MOMENT i, sata 


| ) | | 
400 


200 


\ 


ae ew ee 


cycles x 104 


Figure Vie, Fiap Endurance 


Tent Ne7OW 
Ylap W/N 31 
Phase No, & 
Ci, o 

i Wetiy| 


GQAGK NO, 


TRAT NR: fh 
1 MOMENT VO, CYCLEM 


cycura x 104 


Figure Vie22, Flap Kndurance 


Toat De700 
Fiap S/N 31 
PHAHO Rp. 4 
Cu, | | 
TadloAA 


TROT NO, 6 Ps 
GAGK NO, & MOMENT VA, CYCLES Tent Ne708 


Flap S/N i) 


= | a Ts Phan No, 3 
are le 7. a 4 a ele ©, ot aa 8 = , CH, 9 
it | | 108709 


¥, 
ve 


ana 
" i | | | | 
| 


ki AOd | 


ft 
wD Uh] 
aa 7 


“4 A00 { 


() CT ae | ae aE: a2 3 ae 


7 1,0 1,2 
even“ x 104 


Figure Vield, Finp Modurance 
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igure Viesd, Flap KXndurance 
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Figure Vie?6, Plap Kodurance 
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igure Vie#i, Flap Knduranve 
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Figure Vie#?, PFiap Enduranve 
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Figure ViedW, Filnp Knoduranoe 
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Figure Viled, Flap Endurance 
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Figure VietO, Flap Kndurance 
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CONC LUM TON 


Of the meven fatluresm obtadned durtoy the dimcummeod fatigue 
tomting, (wo fadlureom were due to the method of clamping the 
Apectnen (oO apply the Joadm and two fatburen were due to 
defoutive wateriad, Nhe three velid Fablurem roallaed w flap 
and retention tmprovement of #140 ~% 10" (to 14,7 4 108 eyelon, 
whieh tm equivalent to GA, and N70 atecratt hours rompeetiveldy, 


Although the mont smproved flap, ao used on the temt arreraft 
In the wind tunned, wan not teeted to runout or fatlure, the 
final flap teated in the fatigue fixture ahowed wa life of 
nearly seven timom that of the nonreinfoereced flag 


It te coneluded that thin taprovement warm attained by the 
jnhorent propertion of flheorglannerotaforced plarmtion, cam 
bined wlth competont domign analyveda and quality: contrad ded 
fabrication, 
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